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»AiiTi...3^r u)iaqlias 

Duraglas is a registered trade-mark, but it needa’t be For without painstaking research, 
special equipment, and our unapptiachcd skill in glassmaking, the tough, strong, light¬ 
weight Duraglas container cannot be duplicated. 


'ART 2... Rmsor for Shape of Hondi-Quort 



Milk, all liquid—even molten glass—when poured forms a *’tcar-drop ** 
That's Nature's way of evenly distributing liquid mass, of insuring best 
distribution of thickness and weight The Handi-Quart is a natural tear¬ 
drop"—modified to traditional milk bottle shape. 


16 

'ART 3... Resultant Economies of Hondi-Quart 


Bear in mind that these amazing e«>nomies—extended to the approximately la billion 
glass containers of milk delivered yearly in America—would save 1,595,000 tons weight 
alone More, since 100 Handi-Quarts can be made 
from the same amount of glass needed for 76 old- 
style quarts, much glass can be released for defense I 

FOR DAIRYMEN .. . The O-I Handi-Quart provides 1. Substanti¬ 
ally lower bottle costs 2. Maximum capping economies because the 
Handi-Quart is ideal for small finishes 3 . Savmgs in load-weight¬ 
less weight for route and plant men 4 . Minimum of production 
"change-over" cost. 5 - A distinct "merchandising" package—a 
nuhtral for store trade. 

FOR CONSUMERS The O-I Handi-Quart is easier to hold and 
pour from—easier to slide into refrigerator shelves. 


We are proud indeed of our part in pioneering the development 
of this distinctly economical and perfect container for milk 
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ERRATA 
Vol. 25 

Page 635; The fourth paragraph .should read The calf seems to be able 
to utilize rather diverse mixtures of plant products. In the popular bulletin 
of Herman (105) are recommended mixtures varying from 30 to 50 per cent 
in com meal, from 25 to 30 in ground oats, from 20 to 30 per cent in wheat 
bran and from 10 to 25 per cent in linseed oil meal. 


Page 648: The .second reference should read (184) Morbison, P. B., 
Hulce, li. S., AND Humphrey, G. C. Wis. Agr. Expt. Sta. Bnl. 362, p. 96- 
99. 1924. 

Page 648: The first reference should read (183) Morrison, P. B., 
Hulce, R. S.. and Humphrey. G. C. Wis. Agr. Expt. Sta. Bui. 339, p. 134. 
1922. 
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THE EVALUATION OP FLAVOR DEFECTS OP BUTTER, CHEESE, 
MILK AND ICE CREAM AS DESIGNATED BY DAIRY 
PRODUCTS JUDGES 

a M. TROUT, Cn., F. A. DOWNS, M. J. MACK,* E. L. POUTS and C. J. BABCOCK 
Committee on Judging Dairy ProductSy A.D.8.A. 


The Aiuorieari Dairy Science Association at its annual meeting in Bur¬ 
lington, Vermont, June, 1941, approved the recommendations of the Score 
Card Conimitlec (1) relative to changes in the milk and ice cream score 


TABLE 1 

Pange and average of judges* flavor scores of butter designated as having 
cirtinn intensities of off-flavor 


Baiige and average score* for butter flavor when the intensity 
of the defect was 


Fla^o^ 


criticism 


Slight 



Distinct 


Strong 

No. 

Bange 

Av. 

No 

Baiige 

Av. 

No. 

Bange 

Av. 

Acidy 

32 

35.0-37.6 

36.2 

32 

33.0-36.5 

35.2 

32 

31.0-36.0 

34.0 

Bitter 

31 

33.0-37.0 

35.5 

31 

32.0-36.0 

34.5 

29 

31..')-35.0 

33.4 

Briny 

31 

34.5-38 0 

36.5 

31 

34.0-37.0 

35.6 

30 

32.3-36.5 

33.5 

Cheesy 

32 

32.0-35.0 

34.0 

32 

31.0-34.0 

32.9 

29 

31.0-33.0 

31.9 

Coarse 

31 

36.0-38.5 

37.2 

30 

35.0-37.5 

36.3 

24 

34.0-36.5 

35.4 

Cooked 

32 

36.0-38.0 

37.5 

32 

35.0 -38.0 

36.6 

28 

32.8-37.0 

35.6 

Cowy 

28 

34.0-38.0 

35.6 

28 

33.0-36.0 

34.3 

28 

31.0-35.0 

33.3 

Feed 

32 

35.0-38 0 

37.1 

32 

34.0-37.0 

35.9 

30 

32..V36.0 

34.7 

Fisliy 

Flat 

32 

32.0-37.0 

33.2 

31 

31.0-33.5 

31.9 

20 

31.0-32.0 

31.4 

31 

37.0-38.0 

37.4 

28 

36 0-38.0 

30.0 

23 

34.5-37.0 

36.0 

Garlic 

32 

32.0-35.0 

33.2 

31 

31.0-..34.0 

32.1 

22 

31.0-33.0 

31.5 

Gasoline 

27 

31.0-35.0 

32.6 

20 

31.0-35.0 

31.9 

16 

31.0-35.0 

31.4 

Malty 

Metallic 

31 

35.0-37.5 

35.9 

31 

34.0-37.0 

34.9 

29 

32.0-36.0 

33.9 

31 1 

33.0-36.0 

34.6 

31 

31.0-36.0 

33.5 

28 

31.0-34.0 

32.5 

Musty 

Neutralizer 

30 

33.0-36.0 

34.9 

30 

32.5-35.0 

33.8 

30 

31.0-33.0 

32.6 

32 

34.0-37.0 

35.8 

32 

33.0-36.0 

34.7 

32 

31.0-35.0 

33.5 

Oily 

30 1 

34.0-36.5 

34.8 

31 

32.0-36.0 

33.8 

30 

31.0-34.0 

32.5 

Old cream 

32 

35.0-37.0 

36.0 

32 

33.8-36.0 

34.8 

32 

32.0-35.0 

33.5 

Bancid 

31 

31.0-3,5.0 

33.4 

28 

31.0-34.0 

32.2 

21 

31.0-33.0 

31.6 

Storage 

Tallowy 

IJnclean 

32 

33.5-37.5 

36.5 

31 

32.3-36.5 

35.4 

32 

31.3-36.0 

34.2 

28 

31.0-36.0 

34.2 

28 

31.0-35.0 

33.0 

25 

31.0-34.0 

31.9 

31 

33.0-37.0 

35.1 

31 

32.0-36.0 

33.8 

29 

31.0-35.0 

32.6 

Weedy 

Woody 

Yeasty 

31 

33.0-36.5 

35.2 

30 

32..W6.0 

34.1 

29 

31.0-35.0 

32.6 

31 

33.0-37.5 

35.9 

31 

32.0-37.0 

34.9 

30 

31.0-36.0 

33.8 

31 

33.0-36.5 

34.2 

31 

32.0-35.5 

33.1 

31 

31.0-35.0 

32.1 


* Normal range of score on flavor 31 to 39. 


Beceived for publication Feb. 16,1942. 
* Deceased Feb. 9, 1942. 
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("opyrighled, 1942. by the Aaiericvv Dvir\ Soiknce Association. 
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G. M. TROUT, ET AL. 


TABLE 2 

Sange and average of judges* flavor scores of cheese designated as having 
certain intensities of of-flavor 


Bange and average score* for cheese flavor when the intensity of 
the defect was 


Flavor 

criticism 

Slight 

Listinct 

Strong 

No. 

Bange 

Av. 

No. 

Bange 

Av. 

No. 

Bange 

Av. 

Acidy .. 

33 

36.0-40.0 

38.3 

34 

35.0-39.0 

37.1 

31 

35.0-38.0 

36.1 

Bitter 

34 

35.0-40.0 

37.8 

31 

35.0-39.0 

36.7 

26 

35.0-38.0 

35.8 

Cowy . 

30 

35.0-40.0 

37.9 

28 

35.0-39.0 

37.1 

25 

35.0-39.0 

36.1 

Feed. 

32 

36.0-40.8 

38.9 

32 

36.0-39.0 

37.8 

29 

35.0-38.0 

36.5 

Fermented . . 

32 

35.5-39.5 

37.5 

31 

35.0-38.0 

36.4 

23 

35.0-37.0 

35.5 

Flat . 

34 

38.0-41.0 

39.5 

33 

37.0-40.0 

38.7 

30 

35.0-39.0 

37.8 

Fruity 

33 

36.0-40.0 

37.8 

32 

35.0-39.0 

36.6 

27 

35,0-38.0 

35.7 

Heated .. . 

31 

37.0-42.0 

39.1 

31 

36.0-43.0 

38.1 

31 

35.0-40.0 

37.0 

Moldy. 

31 

35.0-40.0 

37.2 

30 

35.0-37.0 

36.1 

24 

35.0-38.0 

35.4 

Bancid . 

32 

35.0-38.0 

36.6 

25 

35.0-37.0 

35.8 

18 

35.0-36.0 

35.1 

Unclean .. 

33 

35.0-39.0 

37.7 

30 

35.0-38.0 

36.7 

25 

35.0-37.0 

35.5 

Weedy . 

32 

36.0-40.0 

37.9 

32 

35.0-39.0 

36.8 

27 

35.0-38.0 

35.8 

Yeasty . 

32 

35.0-39.0 

37.2 

30 

35.0-38.0 

36.1 

22 

35.0-37.0 

35.3 


* Normal range of score on flavor 35 to 42. 


TABLE 3 

Bange and average of judges* flavor scores of milk designated as having 
certain intensities of off-flavor 


Bange and average score* for milk flavor when the intensity of 
the defect was 


Flavor 

criticism 

Slight 

Distinct 

Strong 

No. 

Bange 

Av. 

No. 

Bange 

Av. 

No. 

Bange 

Av. 

Bitter . 

37 

29.5-38.0 

34.3 

37 

25.0-36.0 

30.9 


25.0-34.0 

27.8 

Cooked . 

39 

36,5-40.5 

37.7 

38 

33.0-39.0 

36.9 


29,5-38.0 

34.9 

Cowy 

38 

30.0-39.0 

36.0 

38 

25.0-36.5 

32.8 


25.0-34.0 

28.2 

Disinfectant .. 

37 

25.0-38.0 

32.0 

29 

25.0-36.0 

29.4 


25.0-34.0 

25.9 

Feed 

38 

36.0-40.0 

38.5 

38 

30.0-38.0 

35.5 

37 

25.0-37.0 

31.0 

Flat . . . . 

38 

38.0-40.5 

39.2 

36 

36.0-39.0 

37.7 

32 

32.0-38.0 

36.1 

Garlic; onion . 

37 

25.0-37.0 

32.3 

32 

25.0-35.0 

28.e 

20 

25.0-31.0 

25.6 

High acid . . . 

36 

25.0-37.0 

31.0 

29 

25.0-34.0 

27.6 

14 

25.0-31.0 

26.0 

Malty . 

38 

26.5-40.0 

35.5 

37 

25.0-38.0 

31.9 

33 

25.0-36.0 

28.7 

Metallic . 

36 

30.0-38.0 

35.5 

36 

25.0-35.0 

31.4 

31 

25.0-33.0 

27.7 

Musty . 

35 

30.0-38.0 

34.5 

35 

25.0-38.0 

30.8 

31 

25.0-31.0 

26.9 

Oxidized . 

38 

33.0-39.0 

35.6 

38 

25.0-37.0 

31.7 

34 

25.0-34.0 

27.3 

Bancid . 

38 

25.0-36.0 

31.8 

31 

25.0-34.0 

27.8 

18 

25.0-26.0 

25.1 

Salty. 

37 

31.5-38.5 

36.4 

37 

28.0-37.0 

33.9 

37 

25.0-36.0 

30.0 

Unclean . 

37 

25.0-38.0 

34.7 

36 

25.0-36.0 

30.7 

mam 

25.0-33.0 

26.9 

Weedy . 

37 

25.0-38.8 

33.9 

35 

25.0-36.0 

30.9 

31 

25.0-33.0 

27.5 


* Basis of 45, The committee on score cards A.D.B.A., 0. J. Babcock, Ch., suggested 
the following guide in scoring flavor: 

Excellent: 40 and above; no criticism. 

Good: 37 to 40; lacking sp^ial high flavor, flat, very slight feed, slight 

cooked. 

Fair: 34 to 37; cooked, feed, salty, slight eowy, slight oxidized. 

Poor: 25 to 34; strong feed, weedy, bitter, strong, musty, cowy, oxidized, 

very slight rancid. 

Bad: 25 to below; strong cowy, high acid. 

0; sour, putrid, or any flavor sufficiently strong to render the 
^ milk unfit for market purposes.” 

Normal range of score on flavor 25 to 40. 
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TABLE 4 

Bange and average of judges^ flavor scores of ice cream designaled as having 
certain intensities of off-flavor 


Range and average score* for ice cream flavor when the intensity of 
the defect was 


criticism 


Slight 



Distinct 



Strong 



No. 

Range 

Av. 

No. 

Range 

Av. 

No. 

Range 

Av. 

Cooked .. . 

34 

38.0-40.0 

39.2 

34 

36.0-39.0 

37.6 

33 

32.0-39.0 

35.8 

Egg . 

32 

37.0-39.7 

38.9 

34 

34.0-39.0 

37.6 

32 

31.0-38.0 

35.9 

Feed 

30 

34.0-39.5 

37.4 

30 

33.5-38.5 

35.6 

29 

31.0-37.5 

33.2 

High acid 

Lacks fine 

34 

33.0-38.0 

35.9 

33 

31.0-36.5 

33.5 

29 

31.0-36.0 

32.0 

flavor 

33 

38.0-40.0 

39.3 

31 

36.0-40.0 

38.3 

29 

34.5-39.0 

37.3 

Lacks flavoring 
Lacks 

33 

38.0-40.0 

39.2 

33 

37.0-39.0 

38.1 

30 

34.0-39.0 

37.1 

freshness .. 
Lacks 

33 

35.0-40.0 

38.8 

34 

34.0-38.5 

37.4 

29 

32.0-38.0 

36.0 

sweetness 

33 

38.0-40.0 

39.1 

34 

36.0-39.5 

38.1 

30 

33.0-39.0 

36.9 

Metallic . 

32 

33.0-39.0 

36.3 

32 

31.0-36.5 

34.4 

29 

31.0-36.8 

32.7 

Neutralizer 

35 

31.0-39.0 

35.1 

33 

31.0-37.0 

33.1 

31 

31.0-34.0 

31.5 

Old ingredient 

34 

32.5-38.0 

36.4 

34 

31.5-36.0 

34.2 

31 

31.0-35.5 

32.0 

Oxidized 

34 

34.0-38.0 

36.3 

34 

32.0-36.0 

34.2 

33 

31.0-34.0 

31.8 

Bancid 

32 

31.0-37.0 

34.1 

31 

31.0-34.0 

32.4 

24 

, 31.0-33.0 

31.2 

Salty 

33 

31.0-39.5 

37.0 

32 

32.0-38.0 

35.0 

31 

31.0-36.0 

32.6 

Storage 

34 

34.5-40.0 

37.0 

34 

32.5-38.5 

35.0 

34 

31.0-36.0 

32.9 

Unclean 

Unnatural 

33 

31.0-38.0 

34.9 

32 

31.0-36.0 

! 33.0 

28 

31.0-33.5 

31.5 

flavoring 

! 34 

36.5-39.0 

37.2 

34 

32.0-37.5 

35.2 

33 

31.0-37.0 

33.4 


* Basis of 45. The following guide having the same grouping as used previously in 
the national cout(‘8t but evaluated on the basis of 45 instead of 50 w^as suggested for use 


of the judges: 


Flavor 

Score-39.5-37.5 

Cooked 

Lacks freshness 



Lacks sweetness 


Lacks fine flavor 

Too high flavor 


Lacks flavoring 

Too sweet 

Score 37.5-34.5 ... . 

.Cooked 

Oxidized 


Feed 

Salty 


High acid 

Storage 


Metallic 

Old ingredient 

Unnatural flavoring 

Score 34.5-31.0 

Feed 

Rancid 


High acid 

Salty 


Neutralizer 

Storage 


Old ingredient 
Oxidized 

Unclean'' 

Normal range of score on flavor 31 to 40. 



cards. Among other clianges, the j)oints allowed for flavor were increased 
from 25 to 45 on the milk score card and decreased from 50 to 45 on the ice 
cream score card. Thus the score cards each for butter, cheese, milk and 
ice cream now carry the same weights for flavor, 45 points. 

Flavor commands such a high relative importance on each of the score 
cards that, inasmuch as revaluation of flavor defects was now necessary in 
scoring milk and ice cream due to changes in those score cards, it seemed 
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desirable for the sake of uniformity of judging throughout the country to 
evaluate flavor defects for all the four major dairy products. Consequently, 
some 45 or 50 coaches of dairy products judging teams and dairy products 
judges, all trained men in dairy products judging were asked to evalu¬ 
ate definite intensities of flavors appearing on the contestants^ dairy products 
judging contest score cards. The response was most gratifying, not only 
from the number of evaluations received but from the fact that the evalu¬ 
ations represented practically 100 per cent independent judgment. Those 
giving flavor evaluations for one or more of the four major dairy products 

TABLE 5 

Average score of certain flavors occurring in three or more products 


Average flavor score* in 



Butter 

Cheese 

Milk 

Ice cream 

Flavor 


•♦J 













§ 
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§ 

b£ 
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§ 

to 

o 

u 
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o 

'§0 

oo 
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s 

OQ 


s 


OQ 

s 

OQ 

*43 

3Q 

s 

s 


Non-seleeted judges 


Bitter 

35.5 

34.4 

33.4 

37.8 

36.7 

35.8 

34.3 

30.9 

27.8 




Cooked 

37.5 

36.6 

35.6 




37.7 

36.9 

34.9 

39.2 

37.6 

35.8 

Cowy 

35.5 

34.3 

32.3 

37.9 

37.1 

36.1 

36.0 

32.8 

28.2 




Feed 

37.1 

35.9 

34.7 

38.9 

37.8 

36.5 

38.5 

35.5 

31.0 

37.4 

35.6 

33.2 

Flat 

37.3 

i 36.6 

36.0 

39.5 

38.7 

37.8 

39.2 

37.7 

36.1 1 


1 

1 

Metallic 

34.6 

33.5 

32.5 




35.5 

31.4 

27.7 1 

1 36.3 

34.4 1 

' 32.7 

Bancid . 

33.4 

32.2 

31.5 

36.6 

35.8 

35.1 

31.8 

27.8 

25.1 1 

34.1 

32.4 1 

31.2 

Unclean 

35.1 

33.8 

32.6 

37.7 

36.7 

35.5 

34.7 

30.7 

26.9 

34.9 

33.0 1 

31.5 


Selected judges 


Bitter 

35.8 

34.4 

31.0 

38.5 

37.2 

35.6 

35.6 

30.7 

25.2 




Cooked . 

37.9 

37.0 

35.7 




39.1 

37.1 

34.4 

39.1 

37.5 

35.1 

Cowy .. . 

35.8 

34.7 

33.3 

37.8 

36.7 

35.3 

36.1 

31.1 

25.4 




Feed . .. 

37.6 

36.2 

35.0 

' 38.7 

37.6 

36.5 

38.8 

35.7 

31.0 

37.5 

35.7 

33.6 

Flat . . 

37.8 

36.9 

36.3 

39.5 

38.9 

38.4 

39.5 

38.4 

36.6 




Metallic 

34.4 

33.2 

31.5 




36.4 

30.3 

24.0 

36.6 

34.6 

32.6 

Bancid . 

33.0 

31.7 

32.2 

36.8 

35.7 

34.8 

33.1 

27.1 

19.2 

35.3 

33.2 

31.0 

Unclean... 

35.8 

34.3 

33.0 

38.1 

36.9 

33.2 

33.1 

29.1 

22.6 

35.3 

33.6 

31.2 


* Basis of 45 points for flavor per product. 


are as follows: B. 0. Anderson, C. J. Babcock, H. A. Bendixen, P. W. Ben¬ 
nett, H. C. Boxell, W. C. Brown, L. H. Burgwald, W. B. Combs, S. T. Coulter, 
A. C. Dahlberg, P. J. Doan, L. R. Dowd, P. A. Downs, L. S. Edwards, C. W. 
England, J. H. Brb, N. E. Pabricius, E. L. Pouts, I. A. Gould, E. S. Guthrie, 
T. B. Harrison, J. L. Henderson, H. B. Henderson, E. 0. Herreid, P. H. 
Herzer, C. Jensen, D. V. Josephson, W. A. Krienke, H. L. Lindquist, M. J. 
Mack, W. H. Martin, A. V. Moore, H. C. Moore, J. A. Nelson, J, A. New- 
lander, H. C. Olsen, M. G. Pederson, W. V. Price, K. M. Renner, H. A. 
Smallfield, L. C. Thomsen, C. C. Totman, P. H.* Tracy, S. L. Tuckey, W. F. 
Widdefield, H. L. Wilson, and G. H. Wilster. 
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Percentage distribution studies were made of the scores allotted by these 
judges for the intensities of flavors of butter, cheese, milk and ice cream. 
When a judge gave a range of score rather than a specific value for a certain 
intensity of flavor the average value was tabulated. When the score was 
given in 0.5 of a point tlie number was recorded as the next lower whole 
number. Generally, a specific whole number was given for each flavor de¬ 
fect. In case the flavor score given was below the normal range designated, 

TABLE 6 


Judges of butter, cheese, milk and ice cream selected by S9 coaches for special tabulation 
of their evaluations on various intensities of flavor defects 


Product 

Name of judge 

College, Department or 
University represented 

Ballots cast for 
each judge 

No. 

Per cent 

Butter 

Coulter, S. T. 

Minnesota 

28 

71.8 


Edwards, L. S. 

U. S. Dept. Agr. 

26 

66.7 


F'abricius, N. E. 

Iowa 

31 

79.5 


Guthrie, E. S. 

Cornell 

21 

53.8 


ITerzer, F. II. 

Mississippi 

16 

41.0 

Cheese 

Anderson, E. 0. 

Connecticut 

13 

33.3 


Coulter, S. T. 

Minnesota 

32 

30.8 


Harrison, T. B. 

Tennessee 

12 

30.8 


ITerzer, F. II. 

Mississippi 

13 

33.3 


Thomsen, Jj, C. 

Wisconsin 

26 

66.7 


Wilson, H. L. 

U. 8. Dept. Agr. 

34 

87.2 

Milk 

Anderson, E. 0. 

Connecticut 

14 

35.9 


Babcock, C. J. 

IT. S. Dept. Agr. 

33 

84.6 


Burgwald, L. H. 

Ohio 

26 

[ 66.7 


Doan, F. ,1. 

Pennsylvania 

21 

53.8 


Gould, I. A. 

Michigan 

24 

61.5 

Ice Cream 

Dahlberg, A. C. 

N. Y. (Geneva) Agr. 





Expt. Sta. 

22 

56.4 


Erb, J. H. 

Ohio 

24 

61.5 


Mack, M. J. 

Massachusetts 

20 

51.3 


Martin, W. H. 

Kansas 

23 

59.0 


Tracy, P. II. 

lUinois 

28 

71.8 


or w^as indicated as ‘‘no score,’’ the evaluation was disregarded in the 
tabulation. 

These distributions of evaluations for various intensities of flavor defects 
for each product are too extensive for inclusion in this paper. Consequently, 
they were incorporated in a separate report (2) which was distributed to the 
various judges and is yet available to those interested. The data show that 
in some cases, wide differences occur in the judges’ evaluations of some 
flavors and in other cases there is a comparatively close agreement as to what 
should constitute the correct flavor score. These data indicated also the 
percentage of the judges who favored specific evaluations. Generally the 
higher percentage of the judges’ evaluations were centered near the average 
evaluation. 
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THE AVERAGE SCORE FOR EACH FLAVOR DEFECT IN BUTTER, CHEESE, 

MILK, AND ICE CREAM 

The average score for each flavor defect of butter, cheese, milk, and ice 
cream, the range in scores, and the number of judges involved are included 
in tables 1, 2, 3, and 4 respectively. From these tables, which are worthy 
of very close study, data relative to flavors appearing on the score cards for 
each of the four products w^ere taken and assembled in table 5. A study of 

TABLE 7 

'Range and average flavor score of butter designated as having certain intensities of 
off‘flavor as given by selected judges 


Flavor 

criticism 

Range and average score for butter when the intensity of the 
defect was 

Slight 

Distinct 

Strong 

Range 

Av. 

Range 

Av. 

Range 

Av. 

Acidy. 

36.0-37.0 

36.4 

34.0-36.5 

35.1 

33.0-36.0 

34.0 

Bitter . 

35.0-36.0 

35.8 

34.0-35.0 

34.4 

32.0-34.0 

33.0 

Briny 

36.5-38.0 

37.1* 

35.0-37.0 

36.2* 

33.0-36.5 

35.] • 

Cheesy 

33.0-34.0 

33.8 

32.0-33.0 

32.6 

30.0-32.0 

31.4 

Coarse . 

37.0-38,0 

37.2 

35.0-37.0 

36.0* 

34.0-36.5 

35.1* 

Cooked . . 

37.5-38.0 

37.9 

37.0 

37.0 

35.0-36.0 

35.71 

Cowy , . 

36.0-37.0 

36.71 

34.0-36.0 

34.7i 

32.0-35.0 

33.3 

Feed. 

37.0-38.0 

37.6 

35.0-37.0 

36.2 

33.0-36.0 

35.0 

Fishy .. 

32.0-34.0 

32.6 

30.0-33.0 

31.2 

30.0-32.0 

31.0t 

Flat ... 

37.5-38.0 

37.8* 

36.0-37.5 

36.9* 

35.0-37.0 

36.31 

Garlic. 

32.0-33.0 

32.6 

30.0-32.0 

31.2 

30.0-31.0 

30.5* 

Gasoline . 

30.0-34.0 

32.0* 

30.0-33.0 

31.3t 

31.0-32.0 

31.5t 

Malty . 

36.0-37.0 

36.2 

34.0-36.0 

35.0 

32.0-35.5 

33.8 

Metallic . 

34.0-35,0 

34.4 

33.0-34.0 

33.2 

30.0-33.0 

31.5* 

Musty 

34.0-36.0 

35.2 

33.0-35.0 

34.0 

31.0-33.0 

32.4 

Neutralizer . 

35.0-36.5 

35.9 

33.0-36.0 

34.5 

32.0-35.0 

33.3 

Oily . 

34.0-36.0 

34.6 

32.0-35.0 

33.3 

31.0-34.0 

32.2 

Old cream. 

35.0-37.0 

35.8 

33.0-35.0 

34.1 

32.0-35.0 

33.6 

Rancid .. . 

32.0-35.0 

33.0t 

30.0-34.0 

31.7t 

31.0-33.0 

32.21 

Storage . 

37.0-37.5 

37.1 

35.0-36.5 

35.8* 

33.0-36.0 

35.0 

TaDowy. 

32.0-36.0 

34.01 

31.0-35.0 

32.7t 

31.0-34.0 

32.7 

Unclean . 

35.0-36.0 

35.8 

34.0-35.5 

34.3 

32.0-35.0 

33.0 

Weedy. 

35.0-36.0 

35.6 

33.0-35.0 

34.1 

30.0-34.0 

32.1* 

Woody . 

36.0-37.0 

36.2 

35.0-35.5 

35.1 

34.0-35.0 

34.2 

Yeasty . 

33.0-35.0 

34.0 

32.0-34.0 

33.0 

32.0-33.0 

32.3* 


* Average of four scores, one not given, 
t Average of three scores, two not given. 

% Average of two scores, three not given. 


these data show that a tendency existed to cut consistently specific flavor 
defects on one product more than on others. Especially was this true in 
some of the more serious flavor defects on the milk score card. The character 
of the product doubtless has an important bearing on the score given a cer¬ 
tain intensity of flavor. For exaAple, the volume of flavor in cheese as con¬ 
trasted to milk may cause a slight intensity of .flavor in cheese seem to be a 
strong intensity of off-flavor in milk. 
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TABLE 8 

Bange and average flavor score of cheese designated cts having certain intensities of 
off-flavor as given by selected judges 


Flavor 

criticism 

Range and average score for cheese flavor when the intensity of the 
defect was 

Slight 

Distinct 

Strong 

Bange 

Av. 

Bange 

Av. 

Bange 

Av. 

Acidy . 

38.0-39.5 

38.5 

37.0-38.5 

37.3 

35.0-36.5 

35.8 

Bitter . 

38.0-39.5 

38.5 

36.0-38.5 

37.2 

35.0-36.5 

35.6 

Cowy . 

36.0-38.5 

37.8 

35.0-37.5 

36.7 

35.0-36.0 

35.3 

Feed 

38.0-39.5 

38.7 

37.0-38.5 

37.6 

36.0-37.0 

36.5 

Fermented 

36.0-38.0 

37.3 

35.0-37.0 

36.2 

34.0-35.5 

35.0 

Flat 

39.0-41.0 

39.5 

38.0-40.0 

38.9 

37.0-39.0 

38.4 

Fruity 

37.0-39.0 

37.8 

36.0-38.0 

36.7 

35.0-37.0 

35.5 

Heated 

38.5-39.0 

38.9 

37.0-38.0 

37.8 

36.0-38.0 

37.0 

Moldy 

37.0-38.0 

37.2 

35.0-36.5 

35.9 

35.0-35.5 

35.1 

Bancid 

36.0-37.5 

36.8 

35.0-36.3 

35.7 

34.0-35.0 

34.8 

Unclean 

37.5-39.0 

38.1 

36.5-37.0 

36.9 

35.0-35.5 

35.1 

Weedy 

37.0-39.0 

37.9 

36.0-37.5 

36.8 

34.0-36.0 

35.3 

Yeasty 

36.0-38.0 

37.1 

35.0-37.0 

36.0 

34.0-36.0 

35.0 


SELECTION OF PANEL OF JUDGES FOR EVALUATING FLAVOR DEFECTS OP BUTTER, 
CHEESE, MILK AND ICE CREAM 

From the wide vm^e noted in flavor scores in butter, cheese, milk and 
ice cream as f?iven b.y the coaches and judges as a whole, it seemed desirable 
to ascertain wdiat values selected judges might place upon these same flavors. 

TABLE 9 

Bange and average flavor score of milk having certain intensities of off-flavor as given 

by selected judges 


Range and average score for milk flavor when the intensity of the 
defect was 


jciavor 

criticism 

Slight 

Distinct 

Strong 

Bange 

Av. 

Bange 

Av. 

Bange 

Av. 

Bitter 

34.0-37.5 

35.6 

25.0-34.0 

30.7 

12.0-30.0 

25.2 

Cooked 

38.0-40.0 

39.1 

36.0-38.5 

37.1 

29.5-37.0 

34.4 

Cowy 

35.5-37.0 

36.1 

25.0-34.0 

31.1 

12.0-30.0 

25.4 

Disinfectant 

33.0-35.0 

34.0 

25.0-30.0 

28.1 

0.0-25.0 

19.2 

Feed 

38.0-40.0 

38.8 

35.0-36.0 

35.7 

29.0-33.0 

31.0 

Flat 

39.0-40.0 

39.5 

38.0-39.0 

38.4 

34.0-38.0 

36.6* 

Garlic; onion 

25.0-35.5 

32.5 

12.0-30.0 

25.7 

0.0-26.0 

19.2 

High acid 

30.0-37.0 

33.3 

25.0-30.0 

26.9 

12.0-26.0 

21.6 

Malty 

36.0-37.0 

36.2 

25.0-33.0 

29.7 

12.0-^30.0 

24.0 

Metallic 

36.0-37.0 

36.4 

25.0-34.0 

30.3 

12.0-32.0 

24.0 

Musty . . . 

34.0-36.0 

35.1 

25.0-32.0 

29.5 

0.0-25.0 

20.2 

Oxidized. 

34.0-36.5 

35.5 

25.0-32.0 

28.9 

12.0-26.0 

21.6 

Bancid . 

30.0-35.5 

33.1 

25.0-30.0 

27.1 

0.0-26.0 

39.2 

Salty . 

35.0-38.5 

37.4 

30.0-37.0 

34.3 

25.0-36.0 

30.1 

Unclean . 

34.0-36.0 

35.1 

25.0-34.0 

29.1 

12.0-30.0 

22.6 

Weedy . . 

34.0-^7.0- 

35.5 

25.0-34.0 

29.9 

12.0-32.0 

24.0 


* Average of four scores, one not given. 



564 


G. M. TROUT, ET AL. 


Consequently, the coaches were invited to name their choices of five judges 
each of butter, cheese, milk and ice cream whose flavor evaluations would be 
tabulated separately. A total of 39 coaches responded with their nomina¬ 
tions. The five coaches in each product securing the most ballots were 
selected as the board of judges whose flavor scores were classified as a unit. 
The names of the judges selected are presented in table 6. In butter, milk, 
and ice cream, little competition aside from those selected was manifest for 
a place on the board. However the nominations for cheese judges were quite 
scattered. In fact, it was necessary to select a battery of six rather than 
five to constitute the board. Inasmuch as the majority of the judges selected 
had already placed a valuation on the flavor defects of the various products, 

TABLE 10 

Range and average flavor score of ice cream designated as having certain intensities of 
off-flavor as given hy selected judges 


Bange and average score for ice cream flavor when the intensity of 
the defect was 


Flavor 

criticism 

Slight 

Distinct 

Strong 

Bange 

Av. 

Bange 

Av. 

Bange 

Av. 

Cooked . ... 

39.0-39.5 

39.1 

37.0-38.5 

37.5 

32.0-37.5 

35.1 

Egg . 

38.0-39.6 

38.9 

37.0-39.0 

37.8 

35.0-38.0 

36.6 

Feed . 

37.0-39.0 

37.5 

36.0-37.0 

35.7 

32.0-35.0 

33.6 

High acid . 

35.0-37.5 

36.1 

33.0-35.0 

33.8 

31.0-37.0 

32.4 

Lacks fine flavor. 

39.0-40.0 

39.4 

38.0-39.0 

38.7 

37.5-39.0 

38.1* 

Lacks flavoring. 

39.0-40.0 

39.4 

38.0-39.0 

38.4 

37.0-38.0 

37.5* 

Lacks froshnoss. 

39.0-39.5 

3d.2 

38.0-38.5 

38.2 

37.0-37.5 

37.3* 

Lacks sweetness .... 

39.0-39.5 

39.2 

36.0-39.0 

37.8 

33.0-38.0 

36.0* 

Metallic . 

36.0-37.0 

36.6 

33.0-36.0 

34.6 

31.0-35.0 

32.6 

Neutralizer . 

34.0-38.0 

35.4 j 

32.0-36.0 

33.6 

31.0-34.0 . 

31.8 

Old ingredient. 

36.0-38.0 

37.1 

34.0-36.0 

35.2 

31.0-34.5 

32.7 

Oxidized . 

36.0-37.0 

36.8 

34.0-35.0 

34.6 

31.0-33.0 

31.8 

Bancid . 

34.0-S7.0 

35.3 

32.0-34.0 

33.2 

31.0 

31.0 

Salty . 

37.0-39.0 

37.7 

34.0-37.0 

35.4 

31.0-35.0 

32.4 

Storage. 

37.0-40.0 

37.9 ’ 

34.0-38.0 

35.8 

31.0-36.0 

33.3 

Unclean . 

34.0-37.0 

35.3 

33.0-35.0 

33.6 

31.0-32.0 

31.2 

Unnatural flavoring 

36.0-39.0 

37.3 

35.0-37.0 

35.8 

33.0-35.0 

34.3 


* Average of four scores, one not given. 

a second evaluation was not solicited, but those previously given were 
reclassified. 

The range and average scores placed on the flavors of the several products 
by the selected judges are given in tables 7, 8, 9, and 10. A study of these 
tables in comparison with tables 1, 2, 3, and 4 shows a marked closeness in 
score per flavor per product between the two averages. Probably more con¬ 
servatism in making cuts for slight flavor defects was manifest in the group 
selected judges than was evident among the coaches as a whole. On the 
other hand, they appeared to be more drastic in.making cuts when the flavor 
defect was such as to question seriously the marketability of the product. 
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CLASSIFICATION OP FLAVORS ACCORDING TO SCORE 

Since it was shown (3) that the judge who could criticize the samples 
fairly accurately might be able to score reliably as well, but not vice versa, 
it seemed desirable to classify the off-flavors of butter, cheese, milk, and ice 

TABLE n 


Classification of off-flavors of butter according to its marJcet grade 


Approx- 


Inteii- 

Average 

Approx¬ 

imate 


Inten- 

Average 
score 
given by 
selected 
judges 

imate 

Flavor 

sity of 

given by 
selected 
judges 

Flavor 

sity of 

total 

score^ 

criticism 

flavor 

defect 

total 

score* 

criticism 

flavor 

defect 

93 



38.0t 

93 



38.0t 




and 




and 




above 




above 

92 

Cooked 

Slight 

37.9 

89 

Woody 

Strong 

34.2 


Flat 

11 

37.8 


Old cream 

Distinct 

34.1 


Feed 

t < 

37.6 


W’eedy 

4 4 

34.1 


Coarse 

< < 

37.2 


Acidy 

Strong 

34.0 


Briny 

tt 

37.1 


Musty 

Distinct 

34.0 


Storage 

i i 

37.1 


Tallowy 

Slight 

34.0 


Cooked 

Distinct 

37.0 


Yeasty 

• 4 

34.0 

91 

Flat 

t i 

36.9 

88 

Cheesy 

Slight 

33.8 


Acidy 

Slight 

36.4 


Malty 

Strong 

33.8 


Flat 

Strong 

36.3 


Old cream 

4 4 

33.6 


Feed 

Distinct 

36.2 


Cowy 

4 4 

33.3 


Malty 

Slight 

36.2 


Neutializer 

4 4 

33.3 


Woody 

< < 

36.2 


Oily 

Distinct 

33.3 


Briny 

Distinct 

36.2 


Metallic 

4 4 

33.2 


Coarse 

11 

36.0 


Bitter 

Strong 

33.0 






Buncid 

Slight 

33.0 

90 

Nciitrali/.er 

Slight 

35.9 


I'nclean 

Strong 

Distinct 

33.0 


Bitter 

< ( 

35.8 


Yeasty 

33.0 


Old cream 

11 

35.8 1 





Unclean 

<< 

35.8 !‘ 87 

Taljowy 

Distinct 

32.7 


Storage 

Distinct 

35.8 

i 

Tallowy 

Strong 

32.7 


Cooked 

Strong 

35.7 

1 

Cheesy 

Distinct 

32.6 


Cowy 

Slight 

35.7 


Fishy 

Slight 

32.6 


Weedy 

t i 

35.6 


Garlic 

4 4 

32.6 


Musty 

11 

35.2 


Musty 

Strong 

32.4 


Briny 

Strong 

35.1 


Yeasty 

1 ( 

32.3 


Coarse 

t 4 

35.1 


Oily 

4 4 

32.2 


Acidy 

Distinct 

35.1 


Hancid 

4 4 

32.2 


Woody 

4 4 

35.1 


Weedy 

4 4 

32.1 


Feed 

Strong 

Distinct 

Strong 

35.0 


Gasoline 

Slight 

32.0 


Malty 

Storage 

35.0 

35.0 

86 

Bancid 

Gasoline 

Distinct 

Strong 

31.7 

31.5 

89 

Cowy 

Distinct 

34.7 


Metallic 

44 

31.5 

Oily 

Slight 

Distinct 

34.6 


Cheesy 

44 

31.4 


Neutralizer 

34.5 


Gasoline 

Distinct 

31.3 


Bitter 

4 4 

34.4 


Fishy 

4 4 

31.2 


Metallic 

Slight 

Distinct 

34.4 


Garlic 

4 4 

31.2 


Unclean 

34.3 


Fishy 

Strong 

31.0 





Garlic 

44 

30.5 • 


* Other items on the score card rating a perfect score. 

t Prom Bales of Students’ National Contest in the Judging of Dairy Products, 1942. 
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cream into groups according to the seriousness of the defect as shown by 
the average score given by the selected judges, in order to enable the pros¬ 
pective judge to correlate more easily the flavor, its score and its market 
class. Consequently the oflF-flavors of butter, cheese, milk and ice cream 
were accordingly grouped as shown in tables 11,12,13 and 14. 

By this classification the prospective judge may recognize at a glance the 
group to which flavor defects belong as well as their approximate scores. 
Such a grouping also gives a rating of the seriousness of the various flavors 
encountered. 

TABLE 12 

Classification of off-flavors of cheese according to a suggested grouping 


Suggested flavor 
classes and score 

Flavor 

criticisms 

Intensity of 
flavor defect 

Average score 
given by 
selected judges 

ExceUent (40-46) 

■ 


40.0* 
and above 

Good (38.5-39.5) 

Flat 

Slight 

39.5 

Flat 

Distinct 

38.9 


Heated 

Slight 

38.9 


Feed 

a 

38.7 


Acidy 

tt 

38.5 


Bitter 

t i 

38.5 

Fair (37-38.5) 

Flat 

Strong 

38.4 

Unclean 

Slight 

38.1 


Weedy 

<( 

37.9 


Cowy 

11 

37.8 


Heated 

Distinct 

37.8 


Fruity 

Slight 

37.8 


Feed 

Distinct 

37.6 


Acidy 

f ( 

37.3 


Fermented 

Slight 

37.3 


Bitter 

Distinct 

37.2 


Moldy 

Slight 

37.2 


Yeasty 

t ( 

37.1 


' Heated 

Strong 

37.0 

Poor (36-37) 

Unclean 

Distinct 

36.9 

Bancid 

Slight 

36.8 


Weedy 

Distinct 

36.8 


Cowy 

( t 

36.7 


Fruity 

t f 

36.7 


Feed 

Strong 

36.5 


Fermented 

Distinct 

36.2 


Yeasty 

t( 

36.0 

Bad (35-36) 

Moldy 

a 

35.9 

Acidy 

Strong 

35.8 


Bancid 

Distinct 

35.7 


Bitter 

Strong 

35.6 


Fruity 

ii 

35.5 


Cowy 

(t 

35.3 


Weedy 

11 

35.3 


Unclean 

it 

35.2 


Moldy 

it 

35.1 


FermeiAed 

it 

35.0 


Yeasty 

t i 

35.0 


Bancid 

11 

34.8 


* From Buies for Students’ National Contest in the Judging of Dairy Products, 1942. 


TABLE 13 

Classification of fiavors of milk according to the class of milk 


FLAVOR DEFECTS OF BUTTER AND CHEESE 


567 



Suggested by eommittee on score cards, A.D.S.A., G. J. Babcock, Oh. 




568 


G. M. TROUT, ET AL. 


TABLE 14 


Classification of flavors of ice cream according to a suagested grouping 


Suggested grouping Flavor criticism 

for ofP-flavors 

Intensity of 
flavor defect 

Average score 
given by se¬ 
lected judges 

Excellent (40-45) 


40* 



and above 

Good (39.5-37.5) Lacks fine flavor 

Slight 

i ( 

39.4 

Lacks flavoring 

39.4 

Lacks freshness 

t f 

39.2 

Lacks sweetness 

(( 

39.2 

Cooked 

t i 

39.1 


11 

38.9 

Lacks fine flavor 

Distinct 

38.7 

Lacks flavoring 

11 

38.4 

Lacks freshness 

11 

38.2 

Lacks fine flavor 

Strong 

38.1 

Storage 

Slight 

37.9 

Egg 

Distinct 

37.8 

Lacks sweetness 

11 

37.8 

Salty 

Slight 

37.7 

Fair (37.5-34.5) Cooked 

Distinct 

37.5 

Feed 

Slight 

37.5 

Lacks flavoring 

Strong 

37.5 

Unnatural flavoring 

Slight 

37.3 

Lacks freshness I 

Strong 

37.3 

Old ingredient 

Slight 

37.1 

Oxidized ' 

( 1 

36.8 

Egg 

Strong 

36.6 

Metallic 

Slight 

36.6 

High acid 

(t 

36.1 

Lacks sweetness 

Strong 

36.0 

Storage 

Distinct 

35.8 

Unnatural flavoring 

f i 

35.8 

Feed 

11 

35.7 

Poor (34.5-31.0) Neutralizer 

Slight 

35.4 

Salty 

Distinct 

35.4 

Bancid 

Slight 

35.3 

TTnclean 

(< 

35.3 

Old ingredient 

Distinct 

35.2 

Cooked 

Strong 

35.1 

Metallic 

Distinct 

34.6 

Oxidized 

Distinct 

34.6 

Unnatural flavoring 

Strong 

34.3 

High acid 

Distinct 

33.8 

Feed 

Strong 

33.6 

Neutralizer 

Distinct 

33.6 

Unclean 


33.6 

Storage 

Strong 

33.3 

Bancid 

Distinct 

33.2 

Old ingredient 

Strong 

32.7 

Metallic 

(( 

32.6 

High acid 

< ( 

32!4 

Salty 

11 

32.4 

Neutralizer 

a 

31.8 

Oxidized 

a 

31 *8 

Unclean 

a 

31.2 

Bancid 

ti 

31.0 


* Prom Bslea for Students' National Contest in the Judging of Dairy Products, 1948. 
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In studying the average score values it should be kept in mind that the 
smallest cut for flavor in the Students’ National Contest in the Judging of 
Dairy Products is 0.5 of a point whereas the average value expressed here 
is in one-tenth of a point. These average values might be used only as a 
guide in setting up standards for teaching based upon one-half point cuts 
on the score card. It would seem highly advisable for the coach or judge of 
dairy products in working up a list of scores for his own personal use to 
follow at least some of the averages of the scores given by the selected judges, 
but of equal or more importance to determine the trend of thought of the 
selected judges and work up the chart of scores accordingly. 

SUMMARY AND CONCLUSIONS 

A study was made of the flavor scores of butter, cheese, milk, and ice 
cream as given by 47 trained judges and by a panel of five selected judges 
for each product. 

The judgments of the selected judges were found for the most part to be 
within a narrower range than those of the group of judges as a whole. 

A knowledge of the classes or groups of off-flavors of butter, cheese, milk, 
and ice cream as arranged from the numerical scores given by the selected 
judges would seem to be of material value, 1, to those interested in becoming 
proficient in dairy products judging; 2, in unifying and standardizing dairy 
products judging throughout the United States; and 3, in furnishing a com¬ 
mon basis for recording and evaluating research in which flavor data are 
involved. 
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CAROTENE IN CALF NUTRITION^ 
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The indispensable nature of vitamin A in the ration of dairy calves was 
shown by Jones, Eckles and Palmer (8) as early as 1926. Bechdel, Eckles 
and Palmer (1) reported similar findings the same year. Hart and Guilbert 
(7) found that a vitamin A deficiency developed in cattle under range con¬ 
ditions during unusually long seasons of dry feeding. Guilbert and Hart 
(4) reported that 26-33 micrograms of carotene from alfalfa per day per 
kilogram of body weight was sufficient to prevent or cure vitamin A de¬ 
ficiency in cattle. Guilbert, Miller and Hughes (5) also reported the mini¬ 
mum carotene requirement for cattle, sheep and swine to be between 25 and 
30 micrograms per day per kilogram of body weight. The vitamin A re¬ 
quirement was found to be 6~8 micrograms daily per kilogram of body 
weight. However, data obtained by Halverson, Hostetler, Poster and Sher¬ 
wood (6) indicated that the minimum daily carotene requirement of cattle 
was 43 to 55 I. U. per kilogram of body weight. 

Moore (10) found that a carotene intake of about 16 micrograms per 
pound of body weight per day was sufficient to maintain plasma carotene at 
0.2 microgram per milliliter, to prevent nyctalopia and to maintain a fair 
state of general health. When plasma carotene values fell below 0.13 micro- 
gram per milliliter, nyctalopia and papillary edema were found to follow. 
Converse and Meigs (2) concluded that because of the greater susceptibility 
of calves to various calf ailments during the first 3-4 months of life than at 
older ages they need a more generous allowance of vitamin A than at older 
ages. These workers concluded that the California standard (4) is less than 
one-third of the optimum for calves between 3 and 180 days of age. Ward, 
Bechdel and Guerrant (12,13) found that 11 micrograms of carotene from a 
carotene concentrate per pound of body weight per day prevented vitamin 
A deficiency in Holstein calves. This requirement was also met by 14 

Received for publication March 5, 1942. 

1 Authorized for publication on March 4, 1942, as paper No, 1089 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. The data presented in this 
paper are taken from a thesis submitted by Harry A. Keener to the Graduate School of 
The Pennsylvania State College in partial fulfillment of requirements for the degree 
of Doctor of Philosophy. 
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micrograms of carotene from alfalfa hay or by 33 micrograms of carotene 
from alfalfa molasses silage. It was also observed that the carotene re¬ 
quirements of some calves appeared to be slightly higher in cold than in 
mild or moderate weather. The present experiments are a continuation of 
the previous studies, using certain improvements in experimental technic. 

EXPERIMENTAL 

Thirty-four calves representing the Guernsey and Holstein breeds were 
used in these experiments to determine the minimum amount of carotene 
that .would prevent vitamin A deficiency symptoms in dairy calves from the 
time of birth to 6-8 months of age. The experimental results obtained with 
24 of these experimental subjects are reported at this time. All calves were 
removed from their dams at 2 to 4 days of age and were placed on re¬ 
constituted skimmilk at 4 to 7 days of age, except the first 6 calves which 
were kept on -whole milk until 4 weeks of age. A ration composed of wheat 
bran, rolled oats, ground barley, linseed oil meal, soybean oil meal, molasses, 
steamed bone meal, salt and irradiated yeast was fed according to appetite. 
The above ration contained 13.0 per cent digestible crude protein and 72.2 
per cent total digestible nutrients. Dried beet pulp, as the sole roughage, 
was fed according to appetite. 

Calves were maintained in individual stalls in a well ventilated and well 
lighted calf barn. Although artificial heat was used in the barn at times, 
the temperature therein was not maintained as constant as was hoped, 
particularly during cold and windy weather. Sawdust was used as the 
bedding. 

Alfalfa leaf meal of high quality was used as the principal source of 
carotene. It was weighed into gelatin capsules and fed with a balling gun. 
While the plan of the experiment was to keep each calf on a definite daily 
carotene intake (per pouhd of body weight), small variations in daily dos¬ 
ages did occur due to changes in the carotene content of the alfalfa leaf meal 
and to slight variations in body weight. Carotene assays on the alfalfa leaf 
meal were made by both the biological and the colorimetric methods. 

The experimental animals were weighed at weekly intervals and the 
carotene intake adjusted according to changes in weight. The eyes of the 
calves were examined weekly by means of an opthalmoscope according to the 
method of Moore (9). A complete record was made of all other visible con¬ 
ditions that appeared to have any relation to a deficiency of carotene in the 
diet. 

Blood carotene determinations were made every two weeks by a method 
developed for this work. This consisted in precipitating whole blood with 
methanol, extracting with petrolwm ether, saponifying and then determin* 
ing the carotene concentration by means of ja photoelectric colorimeter. 
During the last 10 months of the experiment an aliquot from each petroleum 
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ether extract was evaporated to dryness and the residue was taken up in 
isopropyl alcohol. Vitamin A readings were made at 328 millimicrons by 
means of an electronic photometer. While these data, in all probability, are 
only relative, they are of value in comparative studies. 

The calves were slaughtered when removed from the experiment. A 
careful examination was made of the various organs for gross pathological 
conditions. Microscopic studies were conducted on tissues from the various 
organs. A summary of these observations has been published elsewhere 
( 11 ). 

DATA 

Table 1 gives a summary of the experimental set-up employed and the 
results obtained with the different experimental animals. The season of the 
year during which each calf was on experiment should be considered in 
studying this table. 



temperature, body weight changes, blood carotene, blood vitamin A level, and the general 
condition of calf No. 628 . 

Figures 1 and 2 illustrate with individual calves the relationship that was 
found to exist between environmental temperature, the body weight changes, 
the blood carotene level, the blood vitamin A level and the condition of the 
calf. Figure 3 illustrates further the relationship found between the caro¬ 
tene and the vitamin A levels in the blood and the environmental tempera¬ 
ture, the carotene and vitamin A values being the averages from six animals. 

DISCUSSION OP RESULTS 

Examination of the eye by means of an opthalmoscope appeared to be 
the most sensitive method of detecting the effects of vitamin A deficiency. 
The chief defect of this method was due to changes produced in the eye by 
vitamin A deficiency which' frequently persisted for weeks or even months 
after the carotene intake had been increased to an apparently adequate level. 
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The blood carotene and vitamin A levels seemed to indicate rather reliably 
the adequacy of the carotene intake, although here again individual vari¬ 
ations were observed. The vitamin A level appeared to be a better indicator 
of an adequate intake of vitamin A than did the blood carotene level. This 
is what one might expect since it is vitamin A per se that is used by the 
body and not carotene. However, it appeared that when blood carotene fell 



temperature, body weight changes, blood carotene, blood vitamin A level, and the general 
condition of calf No. 537. 
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Fio. 3. Illustrates the relationship found to exist between environmental tempera¬ 
ture, blood carotene and blood vitamin A (average values of six representative calves). 


below .0175 milligram per 100 milliliters of whole blood in Holstein ealves, 
vita min A deficiency symptoms were frequently found. Above this figure 
vitamin A deficiency symptoms were rarely observed. Such a value for 
Guernsey calves appeared to- be somewhat higher. It seems undesirable at 
this time to attempt to set a minimum value for blood vitamin A because the 
values determined in these experiments may be only relative. However, 
Davis and Madsen (3) have set 25 micrograms of carotene and 16 micro¬ 
grams of vitamin A per 100 milliliters of plasma as the critical level. 
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The observed effects of vitamin A deficiency in calves were similar to 
those previously reported by other workers. These included dilated pupils, 
bleached tapetum lucidum, exophthalmia, papilledema, roughness of coat, 
poor flesh, slowness of growth, muscular incoordination, humped back, 
diarrhea, colds, pneumonia, blindness and death. The gross and microscopic 
pathology observed at autopsy included a cystic condition of the pituitary, a 
constriction of the optic foramen and various degrees of histopathological 
changes in the tissues of the intestines, liver, kidney and testicle. 

An observation which appears to be of considerable importance is the 
relationship which appeared to exist between the vitamin A content of the 
blood and the environmental temperature. This is illustrated by all three 
figures (1~3 inclusive). This relationship indicates that either vitamin A is 
required in greater amounts during cold weather or that more of the vitamin 
is oxidized by the increased metabolism required to maintain body tempera¬ 
ture. Eespiratory disturbances and diarrhea appeared to be more prevalent 
during periods of low blood vitamin A thus adding another complicating 
factor to the situation. The fact that on the higher levels of carotene intake 
these conditions were observed only rarely, appears to eliminate them as the 
cause of the decreased blood vitamin A. The logical assumption is that these 
conditions were brought about in the calves on the lower levels of carotene 
intake as a result of the low concentration of blood vitamin A or by the 
same conditions which produced the low blood vitamin A. 

The effects of vitamin A deficiency on the intestinal mucosa would seem 
to act toward producing a sort of vicious circle. Under these conditions, 
vitamin A deficiency tends to produce an enteritis which results in a diarrhea 
and probably in a decreased absorption of carotene. This would tend to 
make the deficiency more marked and thus produce a more severe enteritis. 
The importance of adequate dietary vitamin A, in this respect, can be 
readily appreciated. Colds followed by acute bronchial pneumonia might 
also tend to act in a similar manner. The vitamin A deficiency probably 
tends to cause a decrease in the resistance of the upper respiratory tract 
against infection. The infection produced then tends to increase heat 
production by means of a fever, thus probably bringing about an increased 
destruction of vitamin A and a greater vitamin A deficiency. Although 
most of this is still theory, it may offer explanations for some of the 
phenomena observed. 

Another observation which may be of considerable importance was the 
greater amount of vitamin A in relation to carotene in the blood of young 
calves as compared to that of older calves. This observation would indi¬ 
cate that nature has made it so that the young animal converts carotene to 
the essential vitamin A either more eflSciently or more rapidly as a means of 
giving it increased protection during this critical period of life. It is pos¬ 
sible that the difference in the ability to convert carotene to vitamin A may 
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be responsible for the greater ease with which Holstein calves are raised 
than is the case with Guernseys. This factor may function both before and 
after birth. 

Actual observations bear out the difference in carotene requirement in¬ 
dicated by blood vitamin A levels at different environmental temperatures. 
Calves which received around 12 micrograms of carotene per pound of body 
weight per day during warm weather appeared to get just about enough to 
prevent vitamin A deficiency symptoms. However, calves that received 20 
to 23 micrograms of carotene per pound of body weight per day during the 
winter months have been observed to show deficiency symptoms during or 
immediately following periods of unusually cold weather. The effects of 
weather changes were very evident in the eyes of the affected calves. 
Further effects of temperature changes were indicated by the vitamin A and 
carotene values obtained on the livers. 

The gross and microscopic studies made on the organs and tissues support 
the observation just noted. The extent and severity of these changes were 
almost without exception roughly proportional to the severity of the external 
symptoms of vitamin A deficiency observed, particularly after an animal 
had shown deficiency symptoms for some time. It is important to note that 
definite histopathologlcal effects of vitamin A deficiency were found in ani¬ 
mals which had been considered to be getting the minimum carotene intake. 
Practically all such animals would be considered normal by the average 
dairyman. This brings up the important fact that such cases as these on 
the borderline of deficiency are probably very widespread, particularly in 
herds in regions where the roughage is usually of poor quality. It is highly 
probable that such effects might result in the production of cows that would 
lack in vigor, in milk producing ability, and in reproductive efSciency, with¬ 
out the real cause being suspected. It is possible that the most detrimental 
effect of previous vitamin A deficiency in dairy cattle lies in such cases. 

CONCLUSIONS 

1. The minimum carotene requirement of dairy calves maintained at an 
environmental temperature of 50 to 70° P. was found to be approximately 
12 micrograms per pound of body weight per day. 

2. The minimum carotene requirement for growth and well-being of 
dairy calves appears to depend upon environmental temperature. During 
severe winter weather the minimum requirement may be more than twice as 
great as during warm weather. This increased requirement is substantiated 
by the observed lowering of blood carotene and blood vitamin A during cold 
weather. 

3. Bespiratory and bowel disturbances were more prevalent during 
periods of low blood vitamin A than when the store of blood vitamin A was 
more abundant. 



TABLE 1 

Summary of the experimental set-up employed and the results obtained unth the individual calves 
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TABLE 1— (Continued) 
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4. The severity of the gross and microscopic pathology agreed very well 
with the degree of deficiency observed before the calves were slaughtered. 

5. Histopathological studies reveal that calves receiving a carotene intake 
of less than 27 micrograms per pound of body weight per day may not be 
fully protected when subjected to average winter conditions. 

6. It is highly probable that such histopathological changes exist in 
calves raised in regions where roughage of poor quality is fed and that these 
conditions may affect the productive and reproductive efl&ciency of the dairy 
cattle of such regions. 
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FURTHER STUDIES Oi\ THE USE OF BASIC DYES FOR 
MEASURING THE HYDROLYSIS OF PAT 

GEOB(iKS KNAYSl 

Department of Dairy Industry, New York Stale College of Agriculture, 

Cornell University, Ithaca, N, Y, 

In a recent paper (1), the author has shown that hydrolysis of fat can 
be detected by means of a number of common basic dyes, provided that the 
base of the dye, which is usually fat soluble, has a different color from its 
salts. Hydrolysis is then indicated by the appearance of the color charac¬ 
teristic of the soap formed by the union of the dye base with the free fatty 
acid. It was also stated in that pai)er, that this fact can be utilized for the 
identification of neutral fats, fatty acids and lipoids in microscopic prepara¬ 
tions and it was suggested that the choice of the dye to be used will probably 
be determined by the conditions and the object of the particular investi¬ 
gation. 

The present study is concerned with the determination of the value and 
limitations of several common dyes when used as reagents in fat analysis. 
It includes observations on the ease with which the dye base is prepared, 
on the stability of that base, on the suitability of its color for observation 
with the eye or with the microscope, and on the way it may be used for a 
particular purpose. 

Dyes investigated. The dyes investigated are Nile blue, methylene blue, 
neutral red and spirit blue. The last one was recently used and recom¬ 
mended by Starr (2) for the demonstration of fat hydrolysis by bacterial 
colonies. The brands used are as follows: Nile blue A, C.I. No. 913, and 
spirit blue, Schultz No. 521, both purchased from the National Aniline and 
Chemical Co., Inc.; Nile blue hydrochloride and methylene blue (rectified 
for blood stain), both purchased from Coleman and Bell Co., and a German 
made (Griibler) sample of neutral red. Other samples of dyes, of which 
we have no record, had been used previously. 

Remarks on technique. The technique used in the present work is gener¬ 
ally very simple. It is based principally on differential solubility of the dye 
salts and dye bases, and on the color and behavior of the various substances 
in the various solvents used. Basic and non-basic substances are separated 
by shaking with dilute mineral acids (3) and extraction with the proper 
solvent. Comparative quantitative conclusions are drawn from the depth 
of colors in definite volumes of solutions. 

Preparation of the dye bases. In most of the present work the dye bases 
were prepared from 0.2 per cent solutions of the dye salts in water or, in the 
case of spirit blue which is insoluble in water, in 75 per cent, by volume, of 
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ethyl alcohol, by precipitation with N NaOH. It takes 0.5-0.6 ml. of the 
alkali to precipitate the bases from 50 ml. of the above solutions of their 
salts. In the case of Nile blue and neutral red, precipitation is immediate; 
the base of spirit blue precipitates out gradually; while in the case of methy¬ 
lene blue, precipitation takes place only upon standing for a number of 
hours, but can be hastened by heating in flowing steam for a few minutes. 

After filtration, the precipitates should be washed with slightly alkaline 
water of about pH 7.5~8.0, in order to prevent the formation of dye salts. 

Purity, solubility and stability of ike dye bases. The precipitates of the 
dye bases as prepared above, all contain a small amount of dye salts, proba¬ 
bly on account of absorption of CO 2 and other acids from the atmosphere of 
the laboratory; otherwise, the precipitates of neutral red, methylene blue 
and spirit blue are found to consist exclusively of the bases of those dyes, 
and they can be completely extracted from their xylol solutions by shaking 
with dilute acids. However, the precipitate of the base of Nile blue is found 
to contain, in addition to a small amount of dye salt and of the oxazine base, 
a considerable amount of the oxazone which is not removed from its xylol 
solutions by shaking with dilute acids, and which has no tendency to form 
soaps with free fatty acids in which it simply dissolves with a purplish red 
color. The oxazone may sometimes be found in the commercial samples of 
Nile blue salts where it is probably formed during the manufacturing proc¬ 
ess. However, most of the recently purchased samples of the dye are free 
from the oxazine base and of the oxazone, but both substances can be demon¬ 
strated as soon as the dye is dissolved in water. 

The dye bases are stable in the form of dry powder, but their behavior in 
solution requires some discussion. 

1. The base of Nile blue. The base of Nile blue is practically insoluble 
in water. Its xylol solutions are stable. It dissolves readily in 75 per cent, 
by volume, of ethyl alcohol, in which it undergoes a series of transformations. 
When first prepared, the alcoholic solution is deep red, but upon standing 
for a few days, it gradually turns blue. Repeated studies on a 10-day-old 
solution led us to the conclusion that it contained a small amount of dye 
salt and a certain amount of the oxazone, but that the rest consisted of a 
base which forms, in xylol, a dark red solution with a purple fluorescence. 
We are inclined to believe that this base is a second form of the original 
oxazine base. It forms a purple blue soap with oleic acid and temporarily 
reverts to the original oxazine base upon the addition of a small amount of 
N NaOH. However, a strongly alkaline solution of the base of Nile blue in 
75 per cent alcohol (25 ml. of solution + 0.5 ml. of N NaOH) gradually turns 
brownish green, and it can be readily demonstrated that it consists mainly 
of a non-basic substance soluble both in water and in xylol. In water solu¬ 
tions, this substance acts as an indicator turning into a light reddish brown 
color upon the addition of acid. In s^((ngly acid solutions, a tan precipitate 
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is formed. However, regardless of the pH of the aqueous solution, shakiTi g 
with xylol extracts the color from the aqueous phase and gives a red xylol 
layer. Both neutral butter fats and free oleic acid extract the color from 
the water solutions and assume a red color, although the free fatty acid 
shows a slightly darker shade of red. 

Attempts were made to preserve the original pink form of the oxazine 
base by adjusting the pH of its solutions. To accomplish that purpose por¬ 
tions of a saturated solution of the oxazine base in 75 per cent alcohol were 
saturated with dibasic potassium phosphate, sodium bicarbonate or sodium 
borate. After standing for about two weeks in the dark in partially filled, 
stoppered test tubes, the portions were examined and found to be respec¬ 
tively blue, purple and reddish purple. Only the portion containing phos¬ 
phate still contained some base. The portions containing the bicarbonate 
and the borate contained no base, but mostly a non-basic substance having 
the properties of the oxazone. In all cases a fair amount of dye salt was 
also present. 

2. The base of methylene hive. The base of methylene blue is fairly 
soluble in water with which it forms purplish blue solutions. It readily 
forms a blue solution in 75 per cent, by volume, of ethyl alcohol, and a dark 
red solution with xylol. Those solutions are all stable. Portions of the 
saturated water solution, saturated with dipotassium phosphate, sodium 
bicarbonate and sodium borate, and allowed to stand for 5 days in the dark, 
showed no other xylol soluble substance than the thiazine base. The base 
is not present in the commercial sami)les of dye salt powder, nor in its freshly 
prepared solutions. 

3. The base of spirit blue. The base of spirit blue is insoluble in water 
but it is soluble in 75 per cent, by volume, of ethyl alcohol giving a purplish 
blue solution. In xylol, the color of the solution seems to depend on the 
concentration and to vary accordingly from yellow through orange to deep 
red. The color of the xylol solution has a tendency to fade upon standing 
for reasons yet unknown to us. 

When portions of the dye base solution in 75 per cent alcohol are satu¬ 
rated with dipotassium phosphate, sodium bicarbonate or sodium borate, and 
allowed to stand in the dark for five days, the portion containing the phos¬ 
phate remains blue, that containing the carbonate gives a purple precipitate 
and a reddish supernatent liquid, while the portion containing the borate 
gives an orange red precipitate and a faintly pink supernatent liquid. 
This corroborates other observations we made indicating that the solubility 
of the base in 75 per cent alcohol is greatly reduced as the solution is made 
more alkaline. Under all the above conditions, however, no xylol soluble, 
non-basic substances were ever detected by us. The free base is not present 
in the commercial sample of the dye salt used, but it is present in traces in 
freshly prepared solutions of the dye salt in 75 per cent alcohol. 

4. The base of neutral red. The base of neutral red is slightly soluble 
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in water with an orangre yellow color. It is very soluble in 75 per cent, by 
volume, of ethyl alcohol, givinj? a brownish yellow solution, and it gives with 
xylol an orange yellow solution with a green fluorescence. It is quite stable 
in all its solutions. Saturation of its alcoholic solutions with dipotassium 
phosphate, sodium bicarbonate or sodium borate produces no important 
changes. The free base is not present in the commercial samples of the dye 
salt used, but it appears as soon as the salt is dissolved in water, probably 
because of hydrolysis. 

DISCUSSION 

It is obvious from the above study that Nile blue, the first basic dye to be 
used for the analysis of fat, is highly unstable and, therefore, unsuitable 
for that purpose, although it owes its discovery as a fat dye to that unsta¬ 
bility and to the weakness of its base. Of the three remaining dyes, selection 
must be made according to the requirements of the specific problem, with 
due consideration to solubility and contrast. In our own work, we have 
selected neutral red base as a general reagent in the analysis of fat, and in 
the specific problem of detecting the hydrolysis of fat by colonies of micro¬ 
organisms. We have also adapted it for the quantitative determination of 
fatty acids in edible fats, including the problem of determining the quality 
of butter. The ease with which the base of neutral red is prepared and its 
stability under different conditions recommend it for consideration by the 
bacteriologist as well as by the chemist. Microscopically, the base is also 
usable in most cases. However, on account of the somewhat poor contrast 
between its color and that of its soaps, we have been in the habit of supple¬ 
menting it with some of the other bases in the study of very minute fat 
droplets such as those that occur in the bacterial cell. The use of dye bases 
in bacterial cytology will be the subject of a future investigation. 

SUMMARY 

A study is made of the free bases of Nile blue, methylene blue, spirit blue 
and neutral red, especially with respect to preparation, solubility, stability 
and contrast. The base of Nile blue is found to be highly unstable and un¬ 
suitable for use in fat analysis. Of the four dyes studied, the base of neutral 
red is recommended for general use. When excessive contrast is desirable, 
as in the microscopic study of very minute fat droplets, the use of neutral 
red base may be supplemented with some other dye base. Adaptation of the 
use of dye bases for determining the quality of edible fats has yielded 
promising results and is under further investigation. 
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A COLORIMETRIC METHOD FOR ESTIMATING THE QUALITY OP 
BUTTER.—A PRELIMINARY REPORT 
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Cornell Vniveraity, Ithaca, N. Y. 

In presenting a test for the quality of butter, the authors realize that 
the quality of butler is a resultant of a number ot* characteristics some of 
which are not measurable by physical or chemical means. Therefore, the 
definitive evaluation of the quality of butter must i)erforce remain a matter 
of art and judgment. However, dealing with a system consisting prin¬ 
cipally of fat, it is to be expected that many of the changes that take place 
in butter would involve the fat component, and the present test is a quick 
and simple way of measuring the degree of hydrolysis of the fat of the 
butter. 

In a recent paper, Knaysi (2) has shown that the free bases of basic dyes 
are usually soluble in neutral fat, and that the color of certain dye bases is 
different from that of their soaps. Therefore, if the proper dye base be dis¬ 
solved in neutral fat, hydrolysis is immediately indicated by a shift in the 
color of the fat solution toward that of the soap, and the extent of the shift 
is a measure of the degree of hydrolysis. The reaction is that of simple 
neutralization: 

Dye base + Free fatty acid = Dye soap -f water 
It is, therefore, to be expected, and it can be readily demonstrated, that a 
direct, simple proportion exists between the shift in the color of the fat solu¬ 
tion and the degree of hydrolysis. 

TECHNIQUE 

In this work, we made use of the base of neutral red which has been shown 
by Knaysi (3) to be quite stable and easy to prepare. It can be prepared 
from the aqueous solution of the dye salt by precipitation with sodium 
hydroxide. About 0.5 ml. of N NaOH are sufiBcient for complete precipita¬ 
tion from 50 ml. of solution containing 0.2 gm. of neutral red. The precipi¬ 
tate is filtered and washed with slightly alkaline distilled water of pll 7.5- 
8.0. It is then dried and kept for use. It is only slightly soluble in water 
but dissolves readily in xylol and in neutral fat. Its xylol solution is orange 
yellow with a green fluorescence. 

In order to test the degree of hydrolysis of milkfat, a few grams of butter 
are placed in a clean test tube and melted at 60® to 70® C. The tubes are 
allowed to stand in the water bath until most of the coarse particles of casein 
and other non-fatty material have settled to the bottom of the tube. That 

Keceived for publication April 2, 1942. 

589 



590 


GEORGES KNAYSI AND B. S. GUTHRIE 


usually takes about 15 minutes. One ml. is then measured into another 
clean test tube and dissolved in 3 ml. of a saturated solution of the dye base 
in xylol and the color of the resulting solution compared with standards con¬ 
taining known quantities of oleic acid. It is important that the tube con¬ 
taining the milkfat and those containing the standards be approximately of 
the same diameter. 

The standards are prepared as follows: A series of 10 clean test tubes of 
approximately the same diameter are placed, in order, in a rack or a block. 
They are labelled, respectively, 0, 2, 3, 5, 7, 10, 12, 15, 20 and 30. To each 
tube, oleic acid solution in xylol (C.P.), pure xylol and saturated solu¬ 
tion of neutral red base in xylol are added according to table 1. The 

TABLE 1 

Preparation of standards 


No. of 
standard 

1% oleic 
acid* 

10% oleic 
acid* 

Pure xylol 

Saturated xylol solu* 
tion of dye base 


ml. 

mL 

ml. 

ml. 

0 

0.00 

0.00 

1.00 

3.0 

2 

0.20 

0.00 

0.80 

3.0 

3 

0.30 

0.00 

0.70 

3.0 

5 

0.60 

0.00 

0.60 

3.0 

7 

0.70 

0.00 

0.30 

3.0 

10 

1,00 

0.00 

0.00 

3.0 

12 

0.00 

0.12 

0.88 

3.0 

15 

0.00 

0.15 

0.85 

3.0 

20 

0.00 

0.20 

0.80 

! 3.0 

30 

0.00 

0.30 

0.70 

3.0 


* In xylol, by volume. 


total volume in each tube is then 4 ml., and the color of each standard is 
more reddish the greater the amount of oleic acid it contains. The standards 
are stable if tightly stoppered. 

Comparison with the standards can often be made within a few minutes 
and bad samples can be detected immediately. However, enough non-fatty 
material is frequently carried in the sample to cause turbidity in the tube 
containing the butter sample, and the exact comparison with the standards 
is possible only after standing for several hours or centrifuging with a hand 
centrifuge for a few minutes. 

DATA AND DISCUSSION 

During the course of this work, the test was applied to more than a hun¬ 
dred samples of experimental or commercial butter. The experimental 
samples were either prepared for the present purpose or had been prepared 
for other investigations. The commercial samples were mostly bought from 
stores in this vicinity and represent a cross section of the butter consumed 
in this section. Specifications about those samples together with the evalu- 
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ation of their quality by the present test or by the usual score can be found 
in tables 2 to 4. 

1. Effect of acid or salt. Nine samples of butter, A to I, were churned 
on Feb. 27. A to D were made from sweet cream; C and D were salted. 
E to I were unsalted and made from pasteurized cream to which starter 
was added; E was churned immediately after the addition of the starter, 
while P to I were churned after incubation of the cream for increasing 
periods at 70° P. to allow the development of acidity. All the samples 
were judged on the same day and were given a score of 95. They were 
placed in a cold room (0° P.) till the next day when samples E-I were tested 
by the present method. Samples A-D were tested on March 1. The results 
are summarized in table 2 and indicate that salted butter has a slightly 


TABLE 2 

Effect of acids and salt 


Sample 

Type 

Equivalent 

standard 

Score 

A 

Sweet cream. Unsaltecl 

1 

95 

B 

Sweet cream. Unsalted 

1 

95 

C 

Sweet cream. Salted 

3 

95 

D 

Sweet cream. Salted 

3 

95 

E 

Starter added 

2 

95 

F 

Starter f hrs. at 70° y. 

2 

95 

G 

Starter+ 33 hrs. at 70° F. 

2 

95 

n 

Starter 4 4^ lirs. at 70" F. 

3 

95 

T 

Starter + 5 hrs. at 70" F. 

5 

95 


higher fatty acid content than sweet butter made from the same cream. 
Whether the effect of the salt is direct or indirect we are not yet able to say. 
The results also show that when the cream develops high acidity, the test 
indicates an increase in the free fatty acid content of the butter. That the 
effect is not due to the lactic or acetic acids of the cream can be concluded 
from the fact that addition of the latter two acids has no other effect than 
the extraction of a j)art or all of the base from the xylol phase, depending 
on the relative concentration. It is probably due partly to holding at 70° P. 
and partly to promotion of fat hydrolysis by the developed acidity. A slight 
hydrolysis of milkfat from acid cream has also been observed by Herring¬ 
ton (1). 

2. Effect of starter distillates. The addition of starter distillates to 
butter made from sweet cream is practiced by certain creameries. It was 
therefore opportune to find out whether such a practice would have any 
effect on the results of the present test. For that purpose a certain amount 
of pasteurized, high grade sweet cream vras churned and the butter divided 
into seven portions, J to P. Sample J was the control. Portions K to M 
received respectively 1, 2 and 3 drops of Verley S.D.C. per 20 grams, and 
portions N to P received respectively equal amounts of Hansen’s distillate. 
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The next day, all portions were judged and tested by the present method. 
Table 8 shows that the addition of those distillates in the proportions indi- 

TABLE 3 

Effect of starter distillatrs 



St.firU‘r distiJlate and amount 

Equivalent 

standard 

Score 

J 

-None 

0 i 

05 

K 

J dro]) of Verlcy 81)0/20 gms. 

0 i 

95 

L 

2 drops of Vorloy 81)(V20 gms. 

0 

95 

M 

3 drops of V'erley 81)0/20 gins. 

1 drop of Tlanscii^s dist./20 gms. 

1 

95 

N 

0 

95 

0 

2 drops of Hansen's diat./20 gms. 

0 

95 

V 

3 drops of Hansen's di8t./20 gms. 


94 


cated has no sigiiifieant influciiee on the results of the test. It is worth 
noting, however, that portion P was gwen a lower score because of a detri¬ 
mental effect of the quantity of distillate added on the flavor, a defect which 
was not reflected by any hydrolytic change in the fat, and which our test 
could not bring out. 

3. Effect of the method of nulthig the hiitter sample. Two portions of 
each of a series of butter samples were placed in two test tubes. In each 
case one portion was melted in flowing steam for 5 minutes and then placed 
for ten more minutes in a warm place to allow settling of the coarse non-fatty 
particles. The second portion was placed for fifteen minutes in a water 
bath at 65° 0. Table 4 shows that there is usually no significant difference 

TABLE 4 


Effect of the method of melting the 'butter sample 


Sample 

Description 

Equiva¬ 

lent 

65® C. 

Stand¬ 

ard 

steam 

Score 

Flavor 

3 

Recently purchased' 

1 

1 

92 

Old cream 

o 

Recently purchased 

2 

2 

90 

C)ld cream 

3 

Recently purchased 

3 

3 

89 

Old cream 

4 

Recently purchased 

3.5 

3.5 

89 

Slightly strong 

5 

Recently purchased 

2 

2 

91 

Old cream 

6 

Recently purchased 

1 

3 

93 


7 

Recently purchased 

2 

1 

93 


8 

Stored at 0® F. 

2 

2 

88 

Old cream. Storage 

9 

Stored at 0® F. 

2 

2 

88 

Old cream. Storage 

30 

Stored at 0° F. 

2.5 1 

3 

89.5 

Old cream. Storage 

11 

Stored at 0® F. 

1 

1 

92 

Storage 

12 

Stored at 0® F. 

5 

5 

83 

Fishy 

33 

Stored at 0® F. 

2.5 

2.5 

87 

Storage 

14 

Stored at 0° F. 

2 

2 

90 

Storage 

16 

Stored at 0® F. 






(15 yrs. old) 

8 

5 

83 

Tallowy 

21 

Stored at 0° F. 

30 

30 

83 

Bitter-rancid 

28 

Stored at 0® F. 

2.5 

2 

89 

Old cream. Storage 

30 

Stored at 0® F. 

2.S 

2 

89 

Old butter flavor 

31 

Stored at 0® F. 

2 

2 

89 

Old butter flavor 

32 

Stored at 0® F. 

1 1 

1 

89 

Old butter flavor 
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in the results of the test, although we often observed a faintly less reddish 
tinge in the portion melted in the flowing steam, probably due to a small 
loss of some of the volatile fatty acids. 

CONCLUSIONS 

An analysis of the data ])resented in tables 2-4, together with other similar 
data which we do not find it necessary to report, justifies our introductory 
remarks that no perfect agreement should be expected between the quality 
of butter as estimated by the ]>resent method and by the score of the expert. 

Ifowever, it may be concluded that butter which, by the present test, 
corresponds to a standard greater than 5 is of poor or bad quality, and that 
corresponding to a standard 10 must be considered unfit for consumption. 
When the test is below 5, i.e., when the free fatty acid content of the butter 
is low, the butter may still be given a low score on the basis of other factors, 
the estimation of which is largely a matter of art and judgment. In the 
lower range, a test of 2 or below indicates, almost always, butter of fair, good 
or excellent quality. 

We feel, therefore, that the present test, which is a very simple and 
accurate measure of free fatty acids, should prove to be of value in detecting 
bad samples and the majority of fair or good samples of butter, and to be 
of help to the expert by giving more precision to his judgment regarding the 
actual state and the probable keeping quality of a given product. 

summary 

A simple method of estimating the quality of butter is described. It con¬ 
sists in dissolving 1 ml, of the melted milkfat in chemically pure xylol satu¬ 
rated with the base of neutral red, and comparing the color with standards 
containing known quantities of oleic acid. The preparation of the base of 
neutral red is described. 

The test, which is a mea.sure of the degree of hydrolysis of the butter fat, 
is found to be of value in quickly detecting bad samples and the majority of 
fair or good samples of butter, and in adding precision to the judgment of 
the expert. 
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THE NUTRITION OF CALVES; A REVIEW 

E. S. SAVAGE AND 0. M. McCAY 
Cornell Universityy Ithaca, N, F. 

^^But most of all it will he worth while for him to realize how small 
and dim is the present Uyht of Imovjledge in the vast field of ignorance 
of nutritional questions.** —^E. B. Meigs, 3923. 

EARLY HISTORY 

Early students of nutrition and physiology were usually interested in 
the comparative aspects of their subject. Therefore, the calf, sheep and 
cow were studied as well as the dog and fowl. Prom the beginning the gen¬ 
eral interests fell in two classes, physiologists were concerned with the fate 
of food in the gastrointestinal tract, agricultural workers were interested in 
rearing good calves with a minimum wastage of whole milk. 

As early as 1777 Stevens (242) at Edinburgh made some initial studies 
of digestion in ruminants by feeding sheep perforated silver spheres and 
noting the I’ate at which these lost their contents while in the rumen. Even 
earlier, in 1752, Reaumur (208) had suspended tubes.of hay and green grass 
in the rumens of sheep but had been disappointed in the lack of digestion 
after fourteen hours. In 1768 Batigne (14) criticized these studies because 
the feeds were not chewed. Spallanzani (240) corrected this error and re¬ 
ported in 1784 that chewed feeds were digested by oxen when fed in per¬ 
forated tubes but unchewed ones were not. 

Spallanzani made a number of observations upon herbivora. He noted 
that tubes took about twenty-five hours to pa^is through the ox. He felt that 
rumination w^as analagous to trituration in birds. He knew tliat herbivor¬ 
ous animals could subsist upon flesh if other foods failed. He also was 
among the first to believe that the rennin of the calf’s stomach acted because 
of its enzyme properties rather than because it was an acid. 

By the time the great work of Tiedemann and Gmelin (251) upon diges¬ 
tion appeared in 1826, much was known about digestion in several species. 
These authors found that milk fed to calves passed directly into the fourth 
stomach. They attempted to analyze different parts of the gastrointestinal 
tract but made little progress because of crude methods. After feeding hay 
to cows, these authors found various gases produced in the rumen. They 
were able to use lead acetate and get a test for hydrogen sulfide. These 
authors also knew the true stomach of the ruminant contained acid. They 
also obtained a red color from testing the contents of the upper small intes¬ 
tine with chlorine. This was probably the earliest evidence for the produc¬ 
tion of tryptophane through the digestion of protein. These authors tied 
off the pancreas in a sheep but produced no marked results. 
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Tliose same authors fed colored water to ruminants and observed that 
tljis water distributed itself in all four stomachs. In the rumen they also 
rocojrnized CO^, NH 4 and butyric acid. They believed the rumen contents 
were slij?htly alkaline. The muscles concerned and the mechanism of rumi¬ 
nation had been well studied before the time of Tiedemaim and Gmelin but 
they reviewed the knowledf?e of their time. For the determination of hydro¬ 
gen ion concentration the common indicators of 1826 were tinctures of 
mauve, litmus and violets. 

These authors found the large intestinal contents to be neutral or slightly 
alkaline in herbivora fed hay but in the case of calves fed milk they claimed 
these contents were acid. By 1826 they were already familiar with the 
major processes of digestion. They even recognized the functions of bile in 
preventing putrefaction and in the emulsification of fats. 

About a hundred years ago the use of fistulae for the study of digestion 
became common. Human accidents had paved the way. In 1842 Bassow 
(13) and also Blondlot (29) prepared gastric fistulae in dogs. These tech¬ 
niques were soon applied to herbivora by P. Flourens (80) and are described 
in his work of 1844. This field of work never became popular and even 
today has been insufSciently used in studying herbivorous species. 

In general the nineteenth century was quite sterile in developing im¬ 
proved methods for feeding calves. The few methods of rearing calves upon 
milk substitutes seemed to have originated early in the century. Boussin- 
gault (30) in 1845 discusses some of his experiments in feeding calves upon 
hay tea and upon suspensions of “oil cake,^’ probably linseed meal. He 
noted that some dairymen advocated teaching the calf to drink immediately 
after birth. In the best Swiss dairies of a hundred years ago he notes the 
calves were fed liberally upon whole milk for six weeks. At four weeks of 
age they were given chopped hay and some roots. After about two months 
the calves were fed 8 to 9 pounds of hay daily for the first year and about 
double this during the second. 

Under such conditions Boussingault fotind the calves drank fourteen to 
eighteen pounds of milk daily for the first six weeks. The calves of Bous¬ 
singault’s “Horned Cattle’’ averaged 96 pounds at birth. During the suck¬ 
ling period the calves gained over two pounds per day. At this early date 
they were experimenting with “hay tea,” an infusion of hay in warm water. 
They obtained fair results with it but Boussingault felt it was a questionable 
procedure. After the suckling period the average daily gain was 1.5 
pounds. 

Among the early substitutes for whole milk in calf feeding were skimmed 
milk and linseed oil. Carbohydrates were also tried. Liebig (143) tried 
his hand at devising a calf gruel. He used a mixture of wheat flour boiled 
in water and then treated with gtoipid malt and KHCOa, This was supple¬ 
mented with whole milk. Kellner (127) described various modifleations of 
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such gruels. These mixtures were all low in fat-soluble vitamins and it is 
surprising that calves could grow upon them. 

The common ingredients of calf meals before the year 1900 were wheat 
flour, flaxseed meal, coconut meal, ground beans and peas, cottonseed meal, 
tapioca, starch, and salt. Some listed such ingredients as rice polish and 
fenugreek which are interesting today as sources of water-soluble vitamins 
and choline. In the early bulletins of Morse (186) and Lindsey (146) are 
lists of ingredients used in early gruels. 

A good review of the better practices in calf rearing by early Americans 
is given by Stewart (243) in 1883. He advocated feeding a month or two 
upon whole milk and then changing to flaxseed or linseed meal. He trained 
his calves to drink when they were a week old. He used a pint of flaxseed 
and one of linseed oil meal boiled with 10 quarts of water. This was mixed 
with one or two parts of skimmilk and fed warm. If the calves tended to 
scour he gave them a quart of coarse wheat flour called ^^caner’ for a meal 
or two. 

Stewart was an enthusiast for flaxseed and claimed calves could be reared 
by the above system as well as by feeding milk. lie preferred old process 
linseed meal, since it contained 10 per cent of fat in contrast to the new 
process with only 2.5 per cent, if he could not obtain flaxseed. Today we 
w^onder that the calves did not die of vitamin A deficiency. The calves may 
have been able to build a slight reserve while fed whole milk and they were 
given hay or green grass as early as they would eat it. 

Stewart devoted several pages of his book to whey feeding. He advo¬ 
cated oil meal as a supplement also, in this case, stressing that this meal was 
28 per cent protein, 10 per cent oil and 8 per cent ash. Feeding whey alone 
proved quite injurious. He reviewed an experiment at the Elgin Creamery, 
Illinois. In 1876 Wanzer reared 120 calves upon whey supplemented with 
oil meal, oats and bran. This operation proved profitable when the calves 
were sold at seven months of age. One still wonders how such calves evaded 
rickets and vitamin A deficiency. 

Stewart also fed some of his calves hay tea, linseed meal and wheat mid¬ 
dlings. These calves were started at 30 days of age and fed the diet for two 
months. 

The number of experiments with calves during the nineteenth century, 
which were outstanding as permanent contributions, was very limited. One 
of the greatest of these was the determination of the chemical composition 
of the entire carcasses of animals by Lawes and Guilbert (140,141). These 
studies were made from 1858 to 1861. Some of these values still serve for 
reference. 

A second classical experiment was that of Franz von Soxhlet (239) who 
is best known for introducing sterilized milk in infant feeding in 1886. 
About 10 years before this, at the Vienna experiment station, he first deter- 
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mined the rate of conversion of milk into the body tissues of calves. This 
early work was extended (1903) in the early part of the present century. 

Another contribution of great merit was that of Lehmann (142). He 
attempted to answer these questions: (a) Could the calf get adequate bone¬ 
building materials from the feeds commonly used? (b) Could calves digest 
earth phosphate if it were fed as a fine powder? Lehmann ran chemical 
balance studies upon his calves. His paper gives a drawing of the bags used 
for collecting excreta. For 14 days he fed a calf daily 500 grams of barley, 
500 grams of rapeseed meal, 2000 grams of timothy and 10 kg. of milk. He 
then collected urine and feces for two days after which he supplemented the 
diet for two days with 12.8 grams of calcium phosphate daily and continued 
the collections for two more days. These short collection periods were justly 
criticized by later workers. 

However, Lehmann concluded calves were getting too little calcium but 
enough magnesium from the usual diet. Furthermore, he recognized hay as 
the chief source of calcium among feedstuflfs. Finally, he decided about half 
of the calcium phosphate was retained by the growing body of the calf. 

This mineral balance of Lehmann’s was stimulated by the famous pigeon 
feeding trials of Ghossat (39) made in 1843. Chossat found the bones of 
pigeons became very poor in ash if they were fed upon wheat without cal¬ 
cium supplements. 

More extensive mineral balances with calves were run by Weiske (264). 
He found little evidence that calves could utilize calcium phosphate. While 
Weiske criticized Lehmann’s experiments severely he really made a lesser 
contribution himself. 

Another experiment of indirect interest to nutrition students was that 
of the Earl of Spencer (60). He determined the gestation period of cows 
and found a range of 220 to 313 days with a mean of 284. He was never 
able to rear a calf if this period was shorter than 242 days. 

In the light of the modern extensive feeding of cod-liver oil to farm ani¬ 
mals, the first early report by Pollock (202) is of some interest although it 
is hardly an epoch-making contribution. Pollock fed sheep, swine and 
bullocks cod-liver oil in relatively large amounts. At two high levels he 
injured his swine and produced the yellow fat frequently described in mod¬ 
ern literature after muscle degeneration has been produced by cod-liver oil 
feeding. He also found some injury to sheep, but none to his bullocks. 

PRENATAL DEVELOPMENT AND POSTNATAL MORTALITY 

Everyone recognizes the great variability in the ruggedness of calves at 
birth. In part this is undoubtedly due to the diet of the mother and in part 
to the numerous other rather poorly defined variables. Little is known 
about the effect of diet during th« gestation peViod but it is undoubtedly of 
tremendous importance. To a certain extent the body of the mother draws 
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upon its own resources to insure the development of the foetus. In poor 
areas it is common observation that good calves may be born from cows that 
have been poorly fed and housed. There must be a limit, however, beyond 
which the body stores of the mother cannot be depleted and then the young 
must die to preserve the adult. 

The plane of nutrition of the dam has little influence on the composition 
of the calf if the lowest plane fed is adequate (Haigh et aL, 98). The calf 
suffers only when the lowest plane is borderline or inadequate. 

This delicate balance is well illustrated in the case of iodine deficiencies 
where the calf may be born dead as described by various workers in the 
iodine deficient areas. With a little more iodine in the diet of the cow the 
calf may be quite normal at birth but the thyroid may be enlarged. This 
condition has been observed in the neighborhood of Ithaca where the iodine 
level of feedstuffs is slightly subnormal. In the case of iodine deficiency we 
are dealing with a single inorganic element in the diet. If this element is 
adequate in the diet of the cow there is little question about the passage 
through the placenta and its availability to the foetus. 

The failure of the foetus to store reserves of such substances as fat- 
soluble vitamins is a problem very different in nature. The calf, the pig, 
the pup, the rat and the human infant all have a very low reserve of vitamin 
A stored in the liver at the time of birth (McCay 167). It is likely that the 
store of vitamin E is also low in vertebrates at birth although the rat is the 
only species that has been studied to date (Mason 153). For some unknown 
reason the placenta permits only limited amounts of fat-soluble vitamins to 
pass. Possibly there is also increased oxidation of the fat-soluble vitamins 
in the foetal liver due to the rich stores of iron and copper that are assem¬ 
bled prior to birth. The fat-soluble vitamin A tends to be lower in foetal 
blood than in that of the mother. Just the reverse is true for vitamin C. 
This vitamin tends to be higher in foetal blood and also present in relatively 
large amounts in the placenta. Whether or not this is one reason animals 
tend to eat the placenta is unknown. 

The calf is born into the world with a liver relatively poor in vitamin A 
but rich in iron and copper. It is likely that the store of vitamin B is also 
low. Vitamin A is essential for the growth and vision of the young calf. 
Vitamin B is probably essential for prevention of degeneration of the mus¬ 
cles although the evidence for this rests largely upon experiments with rab¬ 
bits, guinea pigs, rats, ducks, sheep and goats. 

Colostrum and early nutrition of the calf. Since very early times the 
importance of colostrum in the nutrition of animals during the first few 
days and even weeks of life has been appreciated. Only during the past 
half century, however, have a few of the unique properties of colostrum been 
appreciated. 

The first clear-cut evidence that colostrum was an important factor in 



600 


E. S. SAVAGE AND C. M. MCCAY 


the immunization of young animals originated in the attempts of Ehrlich 
(68) to transmit immunity by inheritance. Before the time of Ehrlich it 
was known that the young might be immune to certain diseases if the mother 
had acquired such immunity. Ehrlich immunized mice against the toxic 
proteins, ricin and albin. He then removed the young at birth from im¬ 
munized to normal mothers. These young had no immunity to the poisons, 
but the mice allowed to suckle immune mothers had very limited immunity. 
This indicated that the immunity had been transferred primarily through 
the mammary gland with some little transfer through the placenta. In this 
excellent paper Ehrlich also called attention to the dilution of the immune 
sera in the body of the young mouse due to the rapid growth during the first 
days of life. 

In 1907 Hohlfield (109) made limited studies with pups, kids, and young 
guinea pigs. In the case of the kids he found better growth during early 
life if they were fed colostrum. 

To extend Ehrlich’s observations, Famulener (74) immunized goats with 
sheep corpuscles before the kids were born. In order to prevent suckling 
before he could take blood samples, the teats were sealed with collodion. He 
found immunity was acquired chiefly by suckling colostrum during the flrst 
day. The colostrum tested was 2 to 3 times as rich in antibodies as the 
serum of the mother. By this date the colostrum was known to be rich in 
globulin and to contain serum proteins and it was clear that the permeabil¬ 
ity of the intestine of the newly born was different from that of older animals 
since only newly born seemed able to absorb antibodies when taken by mouth. 

In a long series of experiments starting about 1914 but operating on a 
small scale, Williams (269) showed that young calves may be rather seri¬ 
ously infected well before birth. He made a number of studies rearing 
calves upon boiled milk. He found even the meconium was frequently full, 
of bacteria due to the ingestion of the amniotic fluid by the calf. The nutri¬ 
tion of the cow undoubtedly influences the extent of these infections but no 
one has presented clear evidence to date. 

About 1920 a new series of experiments were started that showed the 
importance of colostrum in the nutrition of the calf. Howe (110) while 
studying the fat metabolism of calves found they passed meconium readily 
without colostrum but there was some delay later in defecation. He also 
found the feces were rich in coagulable protein. Smith and Little (238) 
found much albumin in the urine of the calf during the first three days of 
life. Both albumin and globulin appeared in the urine if the calf consumed 
either colostrum or serum. The relation of this to prevention of infected 
kidneys needs study. The feces were about one-third dry matter and ten 
to fifteen per cent of this dry matter was fat and soaps. The calves seemed 
able to digest but not absorb the flats. Howe (111) also found that the blood 
of the calf contained neither euglobulin nor pseudoglobulin I at birth, but 



THE NUTRITION OF CALVES; A REVIEW 


601 


if calves were allowed colostrum these fractions appeared in the blood 
stream in the course of a couple of days. 

Ill 1922 new emphasis to the importance of colostrum was given by a 
series of researches. Little and Orcutt (147) found colostrum provided 
the agglutinins for B, abortus found in the blood of calves. Neither the 
foetal blood nor that of unfed calves contained these agglutinins. 

In this same year Smith and Little (238) called attention to the neglect 
of most textbooks in stressing the importance of colostrum in the early nutri¬ 
tion of the calf. They believed that the high mortality among calves that 
failed to get colostrum was due to the loss of protection against a number 
of organisms. In newly born calves they observed frequently the occur¬ 
rence of minute hemorrhages in the kidneys and small intestines. Without 
colostrum the kidneys, spleen and liver were readily invaded by B. coli. 
Other invaders were also common and they felt the variety of pathogens 
made it impossible to protect calves by inoculation against specific organisms. 
The colostrum seemed to be the effective protective agent. 

Orcutt and Howe (195) found milk would not produce the globulin frac¬ 
tions in blood even 21 hours after feeding but colostrum would do so in 3 
hours. The rise in agglutinins and globulins was parallel. 

Ragsdale and Brody (205) reviewed the chemistry of colostrum and 
noted, contrary to some of the earlier claims, that the content of salt and 
fat was low. Casein was about the same as in milk but the level of globulin 
was twice as high. Whereas milk contained 0.03 per cent of globulin, colos¬ 
trum had 6 to 12 per cent. They considered the possibility of replacing 
colostrum in the diet by a mixture of milk and blood serum. In order to 
sterilize colostrum they found it could be heated on the water bath at 140° 
F. for 20 minutes. This destroyed the tubercle bacillus but did not coagu¬ 
late the colostrum unless the heating was continued for 3 hours. They 
found colostrum could not be heated much above this temperature without 
destruction of the immune body. 

Nelson (189) reviewed the literature bearing upon the relation between 
colostrum and immunity in the young calf. In his experiments he found 
normal cow serum tended to destroy B. coli and this serum was developed 
ultimately whether or not the calf was fed colostrum. He recognized, how¬ 
ever, that the colostrum did contain anti-coli agglutinins and that the calf 
that consumed colostrum gained protection that was not afforded the calf 
deprived of it. Herman (105) noted that studies at Missouri show that 32 
per cent of dairy calves die unless they receive colostrum. 

Sato et aL (221) called attention to the great variability in the chemical 
composition of colostrum. They gave many analyses. The range of values 
was the following: Solids 12-27 per cent, casein 3-6, albumin 0.3-12, fat 
1-13, lactose 1-5, ash 0.6-1.0'per cent. This great variability suggests im¬ 
portant future researches to establish optimum concentrations in the colos- 



602 


E. S. SAVAGE AND C. M. MCCAY 


trum for the wellbeing of the calf. No one has explored the possibility of 
modifying this colostrum by means of the diet of the cow during the late 
weeks of gestation. 

The literature in this field has been reviewed by Gamble et al, (83). 
They have further explored the possibility of using mixtures of sera and 
milk as substitutes for colostrum in feeding foals and lambs. The substitu¬ 
tions were only partly satisfactory. The best results were obtained by using 
blood sera of the species to be fed. With the new improvements in drying 
blood, developed as a result of the war, still greater advances may be ex¬ 
pected in preparing fractions of blood for feeding very young animals. 

The importance of colostrum as a source of fat soluble vitamins has been 
recognized in recent years. Palmer (198) noted quite early that colostrum 
might be a source of carotene. In 1932 Dann (45) recognized that young 
rats were born with a poor supply of vitamin A and suggested the colostrum 
might have importance in providing an early supply. The colostrum of the 
cow was known to be 10 to a hundred times as rich in this fat soluble factor 
as ordinary milk. 

In experiments that are unpublished we have found that young swine 
also are born with a very low store of A. Under normal conditions this 
tends to remain low for some days and it cannot be much increased by feed¬ 
ing young swine additional carotene. Under normal conditions the colos¬ 
trum and milk of the sow probably provide enough vitamin A and an addi¬ 
tional feeding of carotene may be destroyed. When the colostrum is low in 
vitamin A, the young animal might profit considerably from some special 
supplement fed during the first few days of life. Possibly this would be a 
profitable general practice (Phillips 201). 

Stewart and MeCallum (244) determined the vitamin A colorimetrically 
in colostrum, mostly from Ayrshire cows. They found it fell quickly from 
the first day after calving. In the 3-4 days the values were normal for 
milk. The colostrum varied in vitamin A from 85 to 920 international units. 
They obtained no good evidence that the level was related to the age of the 
cow, the date of calving, the breed or even the feed, although they did not 
explore the last possibility very extensively. They did find that lower values 
usually occurred in cows that had had short dry periods. They suggest that 
the ‘^A'' storage of the liver may be an important factor. 

We have stressed earlier the possibility that the fat soluble vitamins of 
the colostrum may be of great importance due to the deficiency of body stores 
•of vertebrates at the time of birth. At the present time there is special need 
for determining the level of the other fat soluble vitamins in the colostrum. 
Vitamins B and K may be of great importance in the development of the 
muscles and control of the coagulability of the blood. 

Moore and Hallman (181) have called attefition to the similarity between 
the white spotted kidneys found in calves fed a diet low in vitamin A and 
those calves deprived of colostrum. 
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Garrett and Overman (85) have measured the rate of decline in the min¬ 
eral composition of colostrum. They found most of the elements were high 
and fell during the early hours of lactation. Potassium was low at the start 
and gradually increased. These authors provide a good review of the litera¬ 
ture. MeHargue (174) found the colostrum had 5 p.p.m. of copper on a 
dry basis. He also found a young calf at birth had 908 p.p.m. of copper 
in its liver, while one five days old had only 400. 

To emphasize the importance of further studies on the nutrition of the 
mother during pregnancy, and any other factors that may influence the pre¬ 
natal development of the calf and the condition of the calf at birth, Slack 
and Harrison (237) made a statistical study of the Cornell University dairy 
herd in 3939. We have brought these data up to 1942. In the ten-year 
period from 1932 to 1942, the total number of conceptions has varied from 
95 in 1932 to 172 in 1940. The Cornell University herd has been free from 
tuberculosis and negative to the abortion blood test during this period. All 
the calves born prematurely, born dead, or those which died at birth because 
they were too weak to be raised, were listed together. The lowest number 
of such calves was 11 out of 137 conceptions in 1938 or 8 per cent. The 
largest number of conceived calves that could not be raised was 29 out of 
172 conceptions in 1940 or 17 per cent. The total number of conceived 
calves in the 10 years that could not be raised was 169 out of 1352 concep¬ 
tions or 12 per cent. The causes of these failures of the foeti to develop 
into strong calves are not known. It is our opinion that the loss is greater 
than is necessary and that some of it may be stopped through research into 
the nutrition of the dams as affecting the strength of the foeti. 


DISEASES AND MORTALITY OF CALVES 


From the very limited data published from university herds it is prob¬ 
able that calf losses during early life are severe. With a true appreciation 
of these losses it is possible that they may be materially checked both by 
better management and better feeding of the dam during the gestation 
period. 

The following table was published by Ragsdale et ah (204) in 1926 from 
Missouri. 

TABLE 1 


Breed 


Holstein . 
Jersey 

Ayrshire . ... 
Shorthorn ... 
Total ... 


Mortality of oalveti 


Total 

Aborted 

Dead at birth 

Death after 
birth 

preg- - 
nancies 

No. 

Per¬ 

centage 

No. 

Per¬ 

centage 

No. 

Per¬ 

centage 

263 

36 

6.1 

17 

6.46 

5 

2.2 

551 

70 

12.7 

44 

7.98 

36 

8.3 

89 

7 

7.9 

8 

8.98 

2 

2.7 


2 


6 


1 

2.5 

943 

95 


75 

7.95 

44 

5.7 
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TABLE 2 

Mortality distribution by sex 




1 Bead at birth 1 

Mortality after birth 

Sex 

Pregnancies 





No. 

Per cent 

No. 

Per cent 


Males 

413 

32 

8.0 

16 

4.2 

Females 

428 

42 

9.8 

20 

6.2 


Jordan (124) studied the calf losses on twenty-six farms in Ayrshire. 
About 25 per cent of the calves born in the spring were lost and about 8 
per cent in the autumn. The heavy losses were between the months of Feb¬ 
ruary and April. Jordan suggests that this loss is a reflection of the low 
vitamin level of the ration during late winter and early spring. He believes 
that fresh grass corrects this deficiency. His hypothesis is subject to ex¬ 
periment but no one has performed it. Upon inquiry of Prof. W. L. 
Williams of Cornell University concerning relative losl&es in New York State 
and Ayrshire, he estimated that the American losses were probably greater. 

Wing (272) has provided a few data covering his experience of nearly 
forty j’^ears. From 644 calves, 61 died under three months, 49 were born 
dead and 71 were aborted. Thus 28 per cent of the calves were lost up until 

TABLE 3 

Distribution of 73 deaths by ages 

Of a mortality of 73 calves 39 died at l)irtli 

5 died Ist day 
4 died 2nd day 
1 died 3rd day 

7 died 3rd to 7th day 
1 died 7th to 14th day 
4 died 14th to 28th day 
4 died 28th to 56th day 

8 died 60th to 180th day 

the change of management in 1928. This illustrates the seriousness of the 
losses on American farms. 

In the study made by Slack and Harrison (237), the losses in the rear¬ 
ing of calves at an early age were also tabulated. In the Cornell University 
herd in the ten-year period from 1932 to 1942, the number of calves born in 
good condition that soon died was not as great as the number of those con¬ 
ceived that did not start life at all. Prom page 603 you will remember that 
the percentage of conceptions that did not start life was 12 per cent. The 
lowest number of calves being raised that died in any one year was 5 in 1941, 
out of 166 conceptions or 3 per cent. That is an excellent record and is as 
low as can be expected from such a number of conceptions. The largest 
number lost was 23 in 1934 from |186 conceptions or 18 per cent. In 1935, 
21 calves died at an early age from 109 conceptions, two less than in 1984 
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but a higher percentage of the conceptions, 19 per cent. Thus we see that 
in a large herd these losses may run from 3 to 19 per cent with an average 
over the ten years of 11 per cent. In those years a total of 144 calves died 
that were being raised from 1352 conceptions. Adding together the 12 per 
cent that died at or before birtli and this 11 per cent, we find that 23 per 
cent of the calves that were conceived were not raised. This is altogether 
too great a loss. However, in the opinion of the authors it is a correct pic¬ 
ture of the condition on large American farms in 1942. 

Nothing is offered in the literature that will give any leads toward 
methods or practii'.es that will decrease the deaths at birth and the prenatal 
deaths, but the losses among the well born calves that die at an early age 
can be overcome. This is shown in the above study in that these losses 
were cut to 3 per cent of 166 conceptions in 1941. 

Well born calves usually die from digestive disturbances that precede 
calf pneumonia. The pneumonia is fatal, but is secondary. In their study 
Slack and Harrison (237) found that these losses were reduced by correct 
methods of housing. 

Harrison had observed that in small herds calfhood pneumonia did not 
offer a serious problem. He wondered if this disease was associated with 
larger herds, larger groups of calves, and the continuous introduction of 
newly born calves among those being raised. 

In October 1937 small groups of calves, not more than 8, were segregated 
into small barns. Each unit is separate from the others. The barns are 
well insulated. Each calf has a separate pen, the barn is unheated, and each 
group is kept by itself for at least 12 weeks. Only in the severest weather 
is it necessary to furnish a little heat by an ordinary electric heater to 
keep the calves from freezing. Conditions of management, feeding, person¬ 
nel have been practically the same for the ten-year period. 

In the six calendar years 1932 to 1937, 109 of the 515 calves strong 
enough to be raised died from pneumonia or similar diseases. This is 20 per 
cent. After the small barn segregation plan was put into effect this loss 
dropped to 6.7 per cent. In the years 1938-1941 inclusive, only 35 out of 522 
well born calves or 6.7 per cent were lost. The small unit segregation was 
a major factor in this success because all the other factors remained the 
same. 

Phillips et al. (201) have reduced this loss from scours and pneumonia 
by feeding large doses of vitamins A, D, thiamin, riboflavin, nicotinic acid, 
pantothenic acid, and choline to calves from birth to 4 weeks. This work 
needs to be duplicated to determine if optimum doses of A and D for the flrst 
four weeks will not be just as effective. W’e believe that a combination of 
Harrison’s segregation plan and the feeding of large doses of A and D will 
reduce the losses of young calves to a minimum. Further investigations 
along the lines suggested by Phillips will determine which factors of the B 
complex should be fed. 
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THE NORMAL CALF 

The fjfrowth and development of the healthy calf in terms of values 
subject to measurement is of importance to the nutrition student. Without 
standards for the normal, deviations cannot be appreciated. Among all 
vertebrates different organ systems enlarge at somewhat different rates in 
proportion to the whole body. This is especially important in ruminants 
since the internal organs must assume different positions as the rumen 
develops. Furthermore, the very development of the rumen depends in part 
upon the roughage of the diet. Therefore, the calf is especially subject to 
its diet. Schoening (226) has provided good diagrams of the gastrointestinal 
tracts of different species. 

Few studies have been made to establish the interrelationship between 
the diet and the internal organ development of the calf. Lagerlof (139) has 
reviewed this subject and given a series of drawings of the calf from birth 
until nine months of age. Transverse sections were used in the study of this 
organ development. Sections were made of a newly born calf, calves 1, 2, 3, 
4, 5, 7 and 9 months of age as w^ell as a full grown cow. 

Lagerlof notes that the rumen occupies an unimportant position in the 
anterior, upper left part of the abdominal cavity at birth. At two months of 
age it has increased in size and sunk down within the cavity. At three 
months its size is proportional to that of the adult. This development as¬ 
sumes the calf has had hay at an early age and has not been kept upon milk 
and concentrates too long, Lagerlof notes that foods occupying much space 
and containing much water lead to the development of a large rumen with a 
large and pendulous abdomen. He also notes that lengthy periods of sick¬ 
ness with diminished feeding result in a rumen greatly diminished in size. 

The reticulum develops very rapidly after birth according to Lagerlof. 
Likewise, the omasum is very small at birth and develops rapidly. As the 
liver shrinks in size relatively during the first year of life, space is made 
available for the omasum. As the rumen develops it pushes both the omasum 
and abomasum to the right and dorsally. 

At birth the abomasum occupies a considerable volume of the abdominal 
cavity. It extends back from the diaphragm and rests on the floor of the 
abdominal cavity. At birth it reaches back to a plane through the seventh 
vertebrae. By a month of age it has undergone a relative diminution and 
extends only to the third vertebrae. In the adult it continues to lie on the 
abdominal floor. 

These anatomical changes are of interest in understanding the nutrition 
of the calf because they are modified by the type of diet fed at different 
ages and possibly the degree of development of these organs modifies the 
utilization of nutrients. 

DIGESTION IN NORMAL CALF 

Since early times digestion in the mature ruminant has been studied 
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but the calf has been neglected. Since every normal calf eventually develops 
the gastrointenstinal system of the mature animal, a brief summary of the 
physiology of this system may be worth while. Schalk and Amadon (225) 
have presented an excellent summary in this field. They have found that 
both grains and forages are very incompletely masticated during the eating 
period. They have added much to our knowledge of rumination. They 
found relatively fevr uncriished grains involved in rumination. Water 
proved to be very important in the ruminant stomach. They found water 
tended to enter the rumen when it was drunk and did not follow the esophag¬ 
eal groove into the omasum. Rumination ceased in the absence of sufficient 
water. The riiminoreticular ingesta passes into the omasum only when it is 
reduced to a fine state. In the abomasum it exists as a seiniliquid. 

Schalk and Amadou gave some attention to calves. They found the 
esophageal groove seldom functioned in mature animals except under special 
conditions. In a two-year-old heifer this groove served to conduct milk 
directly to the abomasum but did not do so with water. They prepared gas¬ 
tric fistulae in three calves and were able to feel the groove as it functioned 
in one of these. They observed that it acted as a tube to conduct milk 
directly to the true stomach if the milk were drunk slowly but that if the 
milk were consumed rapidly from a pail it tended to pass into the rumen. 

Wester (267) found a number of factors such as salt, sodium bicarbonate, 
tannin, milk and blood serum stimulated the esophageal reflex and suggested 
this method as a means of introducing drugs directly into the abomasum. 
Ross (212), however, on the basis of studies with sheep, challenged many of 
Wester’s findings. 

Trautmann and 8(jhmidt (252) studied kids and calves. They found that 
even after the first week of life, cold milk might pass into the rumen. 
Wester had found this reflex might persist after the nursing period, if prop¬ 
erly stimulated. Wester found the reflex for water in the case of calves 
was lost a few weeks after birth but Trautmann found sheep and goats re¬ 
tained it for several months. In general cold water tended to go directly 
into the rumen. After long thirst water tended to proceed directly into the 
true stomach. When much milk was drunk by calves, the true stomach was 
usually filled and after this the rumen. 

Wise et al (274) found milk fed to calves from pails might enter the 
rumen to a limited extent but if fed from nipples it never did so. They also 
found that after the calf was a few weeks old, water no longer stimulated the 
esophageal reflex. All evidence indicates that the method of feeding calves 
may be of considerable importance. 

Few studies have been made of gastric secretion in calves. Belgowski 
(23) studied the gastric juice in mature cows. He found this juice secreted 
at a continuous rate. The seeretion was stimulated somewhat for 5 to 6 hours 
after food was eaten. Even in fasting the secretion continued. The type of 
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food seemed to have little influence on this secretion. The hydrochloric 
acid usually ran from 0.13 to 0.36 per cent. The highest value found was 
0.46 per cent. He found the protein digesting power of the juice remained 
about the same whatever the source of protein fed. 

Espe and Cannon (72) studied the gastric secretion in three calves by 
means of Pavlov’s stomach. They found little psychic effect upon the secre¬ 
tion of gastric juice in spite of the preference of calves for certain foods. 
Shop tow et al. (234) did find a slight effect of feeding upon the amount of 
gastric juice secreted. This increased to a maximum during the fourth to 
fifth hour. 

The idea that foods undergo no change while passing down the esophagus 
may have to be revised in the light of the recent sham feeding trials of Wise 
ei al. (275). In calves they found milk stimulated a flow of saliva and when 
the mixture was collected from an esophageal fistula the viscosity was in¬ 
creased and the pH was lower than for either the milk (pH 6.6) or the saliva 
(pH 8.1). Sham fed milks contained more bacteria and were more stable 
since the fat rose more slowly. 

Almost no attention has been given to absorption of nutrients from the 
tract of the calf. Little is known concerning the adult ruminant. Traut- 
mann (252) presented an extensive review of this field. He found w^ater and 
water soluble substances to be absorbed from the rumen. He stressed Italian 
work indicating that all glucose was absorbed from the rumen and consid¬ 
erable water was absorbed just before the passage of food into the true 
stomach. This entire field needs study in the interests of better calf feeding. 

Likewise, no attention in the past has been given to the rate of develop¬ 
ment of the bacteria and infusoria in the rumen of the calf. Both Schwarz 
(228) and Krebs (136, 137) have reviewed the literature showing the im- 
portant part played by infusoria and bacteria in modifying the protein of 
ruminants. Schwarz estimated that about 10 per cent of the nitrogen of the 
rumen was in the form of bacteria and 20 per cent as infusoria. Today we 
recognize the great importance of these lower forms in the synthesis of many 
of the water soluble vitamins as well as in the resynthesis of proteins. 
This whole field must be of great importance in the nutrition of the calf 
because of the essential nature of both amino acids and water soluble vitamins 
for growth. With some understanding of this field we can hope greatly to 
improve the wellbeing of the calf. 

On the one extreme we have the beneficial effect of microorganisms in 
their creative activity in the rumen. On the other we have the harmful 
effect of bacteria in causing “scours” from their activity in the intestinal 
tract. In both cases the healthy calf is vitally concerned. 


BLOOD COMPOSITION OF THE NORMAL OALP 

Anderson et at (3) compared the blood of normal calves under a month 
of age with those one to five months of age. They found the hemoglobin and 
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sugar about 15 per cent higher in the younger group. From their data the 
following values would represent the blood of the normal calf; hemoglobin 
87 per cent, non-protein nitrogen 28, urea N 12, uric acid 2, creatine 4, 
creatinine 1.4, sugar 88, Cl as NaCl 499, inorganic P 4.5, total acid sol. 
P 7.8. Ca 12.4 and plasma bicarbonate CO 2 , 63 per cent. All but the last 
value and the first are in mg. per cent. 

Many determinations have been made upon scrum calcium, plasma in- 
(»rganic phosphorus and serum magnesium of calves. For South African 
calves (Bisschop 28) the bone meal fed animals had values of about 6 mg. per 
cent while the controls without this supplement were considered borderline 
with values from 4.3 to 5.5 mg. ]>er cent. Values as high as 9 to 9.6 mg. per 
cent were reported by Rupel et al, (216) for calves fed cod-liver oil. Wise 
et al. (276) found values of 5 to 9 mg. per cent during the first ten days after 
birth. These values indicate the range of the normals. 

Serum Ca seems to be 11 to 13 mg. per cent for the normal calf from 
the data of Duncan and Huffman (54). ‘ 

Duncan ft al. (58) found the level of magnesium in the plasm varied- 
slightly with the season. During the month of July the values were 2.26 mg. 
per cent ± 0.010, while in November they were highest with values of 2.55 
mg. per cent db 0.017. In one report Duncan al. (57) reported figures as 
high as 4 mg. per cent for a calf kept in the sunshine. The studies of Knoop 
et al. (131) also indicate that magnesium values above 2 mg. per cent are nor¬ 
mal. For calves Groeiiewald (89) found values quite constant at 3 mg. per 
cent. Methods for Mg are not entirely satisfactory and may explain these 
differences. 

According to (hmningham (42) the tissues of both calves and adults 
contain 0.06 to 0.12 per cent of the dry matter in the form of Mg. 

Groeiiewald (89) studied the blood of 15 calves, 12 of which were heifers, 
to determine normal changes during the early weeks. Calcium fell within 
the range of 11-13 mg. per cent during the first 6-7 weeks and then dropped 
to 9-10 mg. per cent. P ran about 7 for the first 7 weeks and then rose to 
about 8 mg. jier cent. Potassium started at over 125 mg. per cent the first 
week and dropped to about 50 in the 12th week. Sodium started at 230 the 
first week and increased to 320 mg. per cent in the 12th. Chlorine was 
steady at about 310 mg. per cent. 

Kennedy et al. (129) studied the composition of blood in relation to 
gestation, lactation and age. For the blood of heifers they found mean 
values of the following; non-protein nitrogen 32-38 mg. per cent, glucose 52, 
Ca 10.9, and P 5.4. Blood sugar values in calves ran about twice as high as 
in cows. Before feeding the value might drop to 81 while an hour after feed¬ 
ing this might rise to 129 mg. per cent. By glucose feeding to very young 
calves this level could be raised to 150-200 mg. per cent. As calves grew 
older the response was less until at the age of 6-9 months the rise, is from 60 
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to a peak of 90 with a return to normal in about 3 hours. The blood sugar 
of the normal cow runs 40-60 mg. per cent. Dukes (53), Turk and Work 
(254) found 51 mg. per 100 cc. of whole blood of apparent glucose but only 
28 mg. of true glucose in cows, 

Bechdel et ah (15) have furnished tables that show the variations in 
the Ca and inorganic P in the serum of calves when blood samples were taken 
at regular intervals for about 5 months. Although these experiments were 
made in connection with the development of rickets, they are useful in 
establishing variability. 

Duncan et al. (57) determined the magnesium in the blood of normal 
calves from birth until a year and a half of age. They made more than 
2,000 determinations and established a mean of 2.4 with variation from 1.6 
to 3.8 mg. per 100 cc. of plasma. 

THE COMPOSITION OP THE ENTIRE CALF BODY 

Pew attempts have been made to analyze the entire bodies of calves due 
to the trouble of grinding and selecting representative samples. Haigh 
et al. (98) made such determinations. Their tables of the weights of the 
various parts of Jersey and Hereford calves are too extensive for reproduc¬ 
tion but very useful for reference. Their tables of the moisture, fat, N, P, 
and ash in the whole body and its parts are also very useful. From a dam 
on a medium plane of nutrition the calves were composed of moisture 73.3 
per cent, fat 3.2, nitrogen 2.8, ash 4.6 and phosphorus 0.79. In their studies 
the plane of nutrition of the cow modified the distribution of the fat in the 
calf at birth. This might be of some importance. Thus, the bones of the 
calves from the dams at the higher planes contained 4.7 per cent fat while 
at the lower plane this value was only half of this or 2.3 per cent. The 
livers of the “higher plane’' calves ranged in weight from 666 to 902 grams 
while on the “low plane” the range was 240 to 646 grams. The distribution 
of fat in the body of an animal may be of much importance during the early 
days of life. The fact that the diet of the mother can modify the storage of 
fat in the bones of the calf is of interest. 

The distribution of copper in the body of the calf at birth has been 
studied by Rusoff (217). According to his results the calf body contains 
about a fourth of a gram of copper. Most of this element is found in the 
flesh, bones and liver. Four calves were used. Some of the values found, 
such as those for the blood, suggest considerable errors either in obtaining 
the samples or in analytical procedures. Rupel et al. (214) state that the 
normal hemoglobin for a calf is 9 to 13 grams. Many studies have been made 
of the composition of the bones of calves. Among the earliest are those of 
von Bibra (27). He found the inorganic material increased as the calf 
matured. He found some F even in the bbnes of the foetus. In recent 
studies Evans et al. (73) have found that the F is relatively low in calf 
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bones. Thus, veal calves have 25-51 ppm. of F in their bones while the 
mature cow has 177-202 ppm. of P in their bones. Bone meal in turn is 
about twice as high as this value for the bones of the cows. These workers 
found P even in the embryo. 

Kruger and Bechdel (138) killed normal calves at ages of 60, 90,120,150 
and 180 days for bone analyses. These calves ranged in weight from 135 
to 449 pounds. They studied sampling by analyzing a complete humerus on 
one side and a section from the bone on the other. They found sections 
rather unreliable. Typical examples for two different bones, from their 
data are the following: 


Age at death 

Water 

Per rent 

Fat 

Per cent 

Ash 

Per cent 

Bone used 

60 days 

5.5 

5 

20 

Femur 


48 

2.6 

29 

Bib 

180 days 

39 

19 

25 

Femur 


41 

3.4 

32 

Bib 


The authors made some studies of the frontal bones but concluded these 
calcified too early to be useful in studying bone changes. This accords with 
the w^ell known fact that the head is nearer maturity at the time of birth 
than other parts of the animal body. These data also indicate that the long 
bones are the more important in the storage of lipids. 

Some workers who have studied bones extensively believe that the ribs 
are the most satisfactory for the study of changes in ash content that 
characterize calcification. 

Moore (182) has provided some data upon the normal level of carotene 
in the blood of healthy calves. This level seems to lie between 0.2 and 0.7 
Y although on pasture he found values as high as 15 y per cc. of plasma. 

Few other normal data are available at present to evaluate the effects 
of diet upon the calf. Delaune (50) made a limited study of the erythro¬ 
cytes and leucocytes and gives 8.7 millions and 10.7 thousands respectively as 
the normal. In his differential count he found lymphocytes 64 per cent, 
monocytes 12 per cent, neutrophiles 19.6 per cent and eosinophiles 3.3 per 
cent. 

PROTEIN REQUIREMENTS 

The calf since it is a ruminant represents an animal unique from the 
common omnivora such as the dog and rat which have been extensively 
studied in nutrition laboratories. For the first few weeks of life the calf 
resembles the dog very much in the manner it digests its food. After a few 
weeks, however, it transforms its gastrointestinal tract to the remarkable 
structure found in the adult. 

In the course of this transformation many species of infusoria and 
bacteria are gradually established in the rumen as this interesting stomach 
develops. With the establishment of this symbiotic relationship with lower 
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organisms the calf attains the power of providing its body not only with water 
soluble vitamins but also with proteins. These proteins may represent the 
activity of microorganisms that break down and reconstitute the proteins of 
feedstuffs or the proteins found in the bodies of the microorganisms by new 
ones created from simple nitrogenous compounds found in plants such as the 
amides or fed in the diet in the form of urea. 

Today little information is available concerning the rate at which 
the bacteria and infusoria establish themselves in the rumen. Furthermore, 
little is known about the potential synthetic powers of the different species 
that do establish themselves. These forms that are established may be partly 
determined by the nature of the diet and in turn they themselves may partly 
determine the nature of the material in the rumen to be digested. This will 
affect the wellbeing of the calf since the supply of essential amino acids 
and water soluble vitamins may depend upon the mireoorganisms that are 
able to thrive. 

Since the protein requirement of the calf can be supplied in part by 
simple compounds such as ammonium salts and urea, the term ‘‘nitrogen 
requirement’’ may be more appropriate. For more than half a centuiy the 
question of the utilization of nitrogen compounds has been debated. Much 
of the experimental work has been seriously confused because protein rich 
foods often carried vitamin sxipplements while simple nitrogenous com¬ 
pounds did not. Thus, in Eudzki’s studies (213) with rabbits in which he 
claimed he could maintain them for 6 to 7 weeks on a mixture of uric acid, 
starch and fat, much of this maintenance would depend upon the body re¬ 
serves of fat soluble vitamins. From early times the German workers 
assumed the bacteria and infusoria of the rumen could synthesize i)rotein 
from simple compounds of nitrogen. The chief question that arose was 
whether or not the protein thus made could be digested after it passed from 
the rumen into the true stomach. Max Muller (187) found the dog could 
be kept in nitrogen balance by proteins synthesized in vitro by organisms 
taken for the rumen. Thus, he concluded these proteins were well utilized 
although from time to time the Germans continued to suggest that there were 
anti enzymes in the bacteria and infusoria that prevented their digestion by 
pepsin in the stomach. No good proof for this point of view was ever pre¬ 
sented except that herbivora could not be kept upon diets with all the 
protein replaced by simple compounds. 

During the first World War the German interest in feeding such com¬ 
pounds as urea to cows and sheep increased. This led to many studies. 
Schwarz (228) reviewed the literature of the past hundred years showing the 
growth of our ideas concerning the part lower forms play in rumen synthesis, 
Schwarz attempted to measure the nitrogen present in the rumen in the 
form of bacteria and infusoria. first filtered through paper some of the 
fine suspension of rumen contents. He assumed the infusoria and some 
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suspended protein were retained on the paper while soluble protein and 
nitrogen oompounds as well as bacteria passed through. He then deter¬ 
mined infusoria nitrogen by artificial digestion of the retained compounds 
with pepsin and HCL. He assumed this pepsin digestion would only attack 
infusoria protein. Thus he could measure it. To determine bacterial pro¬ 
tein he passed the filtrate through a Berkfeld filter and assumed that the 
material retained was bacterial. 

On the basis of these somewhat questionable fractionations he concluded 
about 10 to 12 per cent of the rumen nitrogen was in the form of bacteria 
and about 20 per cent in the cells of infusoria. Thus, he estimated about 
256 grams of protein would be present in these living organisms in each 100 
kg. of rumen contents. 

Fifty years ago Hagemann (97) summarized the part lower forms play 
in the protein cycle as follows: “Organisms live very well in food solutions 
without protein, like those w’ith amides: they live therein and build amides 
into body protein. Later this is digested so that asparagin from the feed 
becomes protein through the life processes of the micro-organisms. If 
amides are lacking the micro-organisms lack nitrogen and attack the true 
protein, thus taking them from nutritional use.'^ The last statement would 
be questioned in the light of modern research. 

Krebs (136,137) has presented a good review of this whole field of the 
utilization of nitrogen compounds by animals. He indicates that many 
factors control the lives of the infusoria and bacteria. Thus, the infusoria 
seem to decrease as the protein of the ration increases although no one has 
shown whether this is due to the protein or the vitamins that accompany it in 
the ration. The form of sulfur in the ration may also be of considerable 
importance. 

Sheep seem able to utilize about half protein and half N in simple 
compounds for growth. Krebs called attention to the need for growth ex¬ 
periments lasting a considerable period of time. In 1937 Fingerling et al, 
(75) presented good evidence from balances with calves covering a period of 
four months that these animals were able to convert urea into body tissues. 

More recently the Wisconsin workers Hart ci al, (101) have provided 
additional evidence that growing calves can utilize urea and ammonium salts 
in the formation of body proteins. They took advantage of the early German 
observation that diets rich in carbohydrates stimulated the utilization of 
nitrogen compounds. In their second experiment their basal diet consisted 
of yellow corn 20 per cent, ground timothy 47.5, starch 24, corn molasses 10, 
bone meal 2, salt 1 and cod liver oil 0.5 per cent. Wken this diet was fed 
alone the calf tended to fail rapidly but when supplemented with 1.4, 2.8, 
or 4.3 per cent of its weight of urea the diet produced good growth until the 
calves were a year old. The ba&al diet also provided good growth if supple¬ 
mented with 11 per cent of its weight of ammonium carbonate or casein. 
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In vitro studies of the type employed by Muller (187), Wegner et al, 
(262) indicated that most of the urea was utilized by the organisms from 
the rumen in about 25 hours. They found the ration of the cow a rather 
poor medium. They found little influence of the protein level in contrast 
to early German work. All carbohydrates proved equally good except 
cellulose. 

Much additional work needs to be done to establish the optimum condi¬ 
tions for developing and maintaining the best flora in the rumen of the grow¬ 
ing calf in order to get the maximum value from either plant proteins or 
nitrogen compounds. 

Furthermore, Mazincesco (156) has presented evidence that the mini¬ 
mum protein requirements of swine can be lowered by feeding such com¬ 
pounds as glycine, aspartic acid, alanine, glutamic acid, asparagine, aceta¬ 
mide and succinamide as well as cystine. This indicates that there may be 
some utilization of these compounds in the animal body that is independent 
of the action of micro-organisms. 

In Armsby’s book (6, table 80) is an excellent summary of data showing 
the rate at which young animals are able to add to their body protein. Dur¬ 
ing the first couple of weeks the young calf can add about ±: 2 per cent per 
day while at the age of two months this rate has declined to less than one per 
cent. At the end of a year it is about one-fifth of one per cent. 

For a hundred years men have attempted to formulate feeding stand¬ 
ards, usually based upon meager data, the limited experience of the usual 
professor in rearing animals, and considerable arithmetic. One feels in¬ 
clined to follow McCandlish (161) after he has made a critical survey of 
the protein literature, and quote Armsby (6, p. 691), ‘<But the human mind 
craves a receipe and there has been a persistent tendency to substitute for 
the study of the principles of nutrition a series of exercises in applied 
arithmetic.” 

In the past there were numerous chances for error in evaluating the 
protein needs of the growing animal. In the first place there is the ancient 
debate of whether feedstuffs as sources of protein should be rated on the 
basis of their nitrogen content or of their true protein. Today the pendu¬ 
lum is swinging toward “total nitrogen.” In early experiments efforts were 
made to allow each calf an equivalent of nutrients for energy but little atten¬ 
tion was paid to providing equal allowances of water soluble and fat soluble 
vitamins, inorganic nutrients and essential amino acids. Today we appre¬ 
ciate that the bacterial growth in the rumen may be profoundly modified 
because these bacteria have specific requirements for nutrients. Even today 
we have little evidence that would help us design experiments with equiva¬ 
lent nutrients to secure optimum growth of the rumen flora. Much funda¬ 
mental work must be done before we^oan establish data to guide us in keeping 
the protein the only variable because we must define the nutritional needs of 
the micro-organisms that live in the rumen. 
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In general the requirements of calves for protein during growth have 
been set at high levels. A typical example can be found in the table of 
Kellner (127). Fingerling (76, 77) thought the prevailing standards were 
too high. After a number of years of experimenting he concluded 1.5 kg. 
of protein per day per 1000 kg. of live weight was adequate if the ration 
had a starch value of 12-13 kg. per day per 1000 kg. of live weight. 

Fingerling extended the early observation of Soxhlet and came to the 
same conclusion that the young calf is able to convert into bodj^ tissue 80-90 
per cent of the proteins of milk during the first couple of weeks of life. 
Fingerling was able to keep this conversion high for a longer period of time 
if he fed a lower level of protein but kept the energy intake adequate so that 
the calf did not have to consume protein to supply its need for calories. 

The laudable attempts of the National Research Council to organize co¬ 
operative experiments in determining the protein requirements of calves 
were reported by Armsby (7) and Forbes (81). Due to the small number 
of experimental animals used, little progress was made. The data, however, 
did indicate that some calves could make good growth upon relatively low 
protein diets. Future investigations will be needed to determine whether 
this was due to hygiene, unappreciated vitamin supplements, or other unrec¬ 
ognized variables. Animals from 6 to 16 months of age gained 0.7 to 1.5 
pounds per day with protein intakes of 1.2 to 1.7 pounds of digestible crude 
protein per 1000 pounds of live weight. This accords with the findings of 
Fingerling and shows that protein economies can be affected if the basic 
information is established and feed costs demand it. 

The eight years of research at Missouri reported by Swett et ah (245) 
lend support to the use of higher protein levels in rearing calves, especially 
Jerseys. If 13,4 or 15.8 per cent of the net energy of the diet were in the 
form of protein the Holsteins could exceed the normal growth rate. Even 
with this figure at 10.4 per cent the growth rate was 94 per cent of the Mis¬ 
souri normal. In the case of the Jerseys, however, the normal was barely 
reached at the 18 per cent protein level and at the 12.9 per cent level the 
growth rate was only 80 per cent of the normal. 

Tliese authors attempted to determine if they could maintain a normal 
growth rate by progressively decreasing the protein level as the calves grew 
older. The results were irregular but in general favored the higher protein 
levels. As a rule energy levels well above the requirements favored growth 
at a constant protein level. The data from the Holsteins compares favorably 
with that for rats fed a high quality protein but the Jerseys seem to have a 
hig|ier protein requirement than other species that have been studied such 
as rats, mice, fish and dogs. 

In general, long-time growth studies are probably the most satisfactory 
for determining the requirement of calves for protein. As knowledge ad¬ 
vances it may prove possible to employ synthetic diets in rearing calves in 
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•order that there may be no confusion between the effect of proteins and other 
constituents that may accompany them in natural feedstuffs. 

Other techniques that are worthy of wider use are both the chemical bal¬ 
ance determinations and the anal 3 'sis of the entire carcass. Both of these 
have been used to a limited extent. 

The chemical balance method has been severely criticized because short- 
time studies have been made and conclusions drawn from them that are in¬ 
validated because the period was too short and the individual too variable. 
However, the balance method is a useful tool to use in conjunction with long¬ 
time growth studies. In a short period of time it tells the extent of the 
digestion and absorption of protein mixtures. This is well illustrated by 
some recent studies at Cornell with another species, namely swine. These 
swine were being fed large quantities of raw eggs that had failed to hatch 
in the incubators. Since it is well known that rats, dogs and men utilize 
•only about half of the protein of raw eggs, the possibility existed that half 
•of the protein of these eggs was being wasted. By means of balance studies 
it was established within a month that growing swine utilize the protein of 
raw and cooked eggs equally well. Such evidence was conclusive and could 
be obtained in the course of growth studies without waiting for a large 
fraction of the growth period to be completed. 

Some interesting results have been found in nitrogen balance studies 
with calves. Carr et al, (38) ran three-day balances using five different 
•combinations of plant and animal proteins. They found the retention of 
nitrogen to range from 23 to 41 per cent. The protein of milk seemed to 
be best and that of dried blood the poorest from the point of view of utiliza¬ 
tion, The great variability of results suggests that the processing of pro¬ 
teins deserves great study in order to provide them in calf diets so that they 
Are in condition for the optimum utilization. 

Dried blood affords an excellent example of the need for careful attention 
to processing. Caldwell (33) found that fresh blood was much better util¬ 
ized by calves than dried blood. When his calf was used for a balance trial 
with 40 per cent of the N from fresh blood at the age of 100-110 days the 
nitrogen was distributed as follows; feces 31.4, urine 41.2, and retained 27.4. 
In the next 10 days with 33 per cent of the N from dried blood the distribu¬ 
tion was feces 46.2, urine 22.6, and retained 31.1 per cent. His conclusions 
were probably drawn from the higher fecal nitrogen. He concluded a daily 
ingestion of 59 grams of N gave about the same results as 93 but that 48 
grams was too low. These studies were made with calves under 5 months 
of age. 

In a later study Spitzer and Carr (241) found that much of the dried 
blood was lost in the feces of the calf. Nevertheless, they also got a higher 
per cent of nitrogen retained upon a dried blood than upon a dried milk 
diet. Winter (273) has presented an excellent review of the literature cov- 
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ering the nutritive value of dried blood. From experiments with rats and 
swine he concluded the digestibility was decreased by increasing the tem¬ 
perature in the processing. 

These data indicate the possibility of improving the utilization of the 
proteins fed to calves not only by combinations to provide adequate supple¬ 
ments among amino acids but also by improvements in drying or other 
processing. In the case of soybean meal the heat treatment is probably 
advantageous, while in the case of meat and blood products, the body is 
unable to utilize efficiently proteins that have been subjected to high tem¬ 
perature drying. 

The analysis of the entire carcass of large animals su(jh as calves has 
always been such a task that this method has been little used. The extensive 
development of bone-grinding machinery in recent years for use on fox 
ranches has provided inexpensive methods for reducing bones for analytical 
samples. Any journal for the fur-bearing industries carries advertisements 
for such machines and they sliould make it possible to analyze the whole 
bodies of animals of large size in order to measure the storage of nutrients 
from experimental diets. 

THE UTILIZATION OP CARBOHYDRATES 

The aspects of carbohydrate metabolism that have been studied in the 
case of the calf are the following: (a) the utilization of cellulose, (b) the 
digestion and absorption of starch and (c) the utilization of simpler sugars 
such as glucose and lactose. 

The basic studies made sixty years ago concerning the utilization of cellu¬ 
lose by'the adult ruminant paid no attention to the calf. Today we know 
nothing about the development of conditions that permit the optimum use 
of cellulose at an early age. Furthermore, we have neglected in all fields 
the processing of cellulose so that herbivora can get more energy from it. 
Karrer and Schubert (126) found that the breaking down of cellulose by 
the cellulase of the snail, might vary from 7 to 70 per cent, depending upon 
the source of the cellulose and the chemical processes to which it had been 
subjected. 

Many attempts have been made to rear calves without roughage. Most 
of these will be discussed later, under the subject of milk feeding. In 1893 
Sanborn (220) reported his attempts to rear calves without hay. He was 
able to get moderate growth in calves for a short time. He maintained a 
steer for about eight months on grain alone. He found the steer ceased 
rumination on such a ration. Davenport (46) reported studies in which a 
calf was kept for 6 months on milk and grain. At the age of 6 months the 
calf was eating a half bushel of grain daily but still it failed to thrive. His 
calves also failed upon milk alone. Today we realize these deficiencies were 
multiple ones and not due to the lack of roughage alone. 
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Mead et ah (178, 177) have attempted to rear calves without roughage. 
In heifers fed for 18 months without roughage they found digestion normal. 
The addition of paper pulp to the diet did nothing but improve the digestion 
of the fiber added. These calves were reared and kept for six years without 
roughage in the form of hay. 

Some years ago the use of regenerated cellulose (McCay, 168) was intro¬ 
duced in order to make it possible to study the roughage needs of herbivora 
without having the source of roughage provide other nutrients. Synthetic 
diets were developed for herbivora by McCay and Woodward (170), McCay, 
Ku et ah (169), Madsen et ah (149). Herbivorous animals have been reared 
for long periods upon such diets but they have never proved as satisfactory 
as those composed of natural feeds. This indicates that there are still defi¬ 
ciencies in the feeding of herbivorous species that are unrecognized today. 

Johnson (121) fed calves synthetic diets containing 5 to 20 per cent 
regenerated cellulose between the ages of 13 and 130 days of age. Fair 
growth was obtained but the calves were rough in appearance and not nor¬ 
mal. In part this abnormality was probably due to the inadequate level of 
magnesium in the diet but in part it was unexplained. 

The digestion of starch by the calf has interested workers for nearly a 
century but little is known about it today. In the early substitute for whole 
milk that Kellner (127) credits to Liebig, wheat flour was treated with 
ground malt supposedly to help the calf digest the starch. Kellner in the 
same work describes the use of potato starch treated with malt, as a food 
for the calf. According to Hittcher (108) the French had long tried to 
replace the butterfat of whole milk by starch in feeding calves. Hittcher 
ran an experiment with 37 calves to determine if there was any advantage 
in treating starch with malt when this starch was fed as a supplement to 
skimmed milk. His experiments lasted for 15 weeks and very young calves 
were used. The mean age was 7 days at the start of the experiment. Fif¬ 
teen of his calves died from various causes during the period. The calves 
fed the starch treated ^ith diastase did slightly better for the first four 
weeks. Due to the variability it is doubtful if the data of Hittcher yielded 
significant differences. The individual responses may have been the result 
of reactions to such factors as vitamin A deficiency rather than to the malt¬ 
ing of the starch. The survival of any of the calves upon a diet so poor in 
vitamin A is surprising. 

Hanne (100) reported good results from feeding skimmilk and potato 
starch treated with malt diastase after the starch had been boiled. Finger- 
ling (78), however, had much trouble with intestinal disorders. He believed 
this was due to injury to the linings of the stomach and intestines. It is 
surprising that any of these calves lived on account of the low level of vita¬ 
min A in the diet. ^ 

Bddin (66, 67) reared calves upon skimmed milk supplemented with 
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starch treated with diastase. His innovation consisted in preserving the 
mixture by adding formalin in a proportion of 1:10,000. Possibly formal¬ 
dehyde should be given more study as an agent in animal feeding to check 
unfavorable bacterial action before the food is ingested. The toxicity of 
formaldehyde is relatively low especially after it has had time to combine 
with protein. 

Scolz (229) fed calves flaked potatoes starting at an age of 6 days. Start¬ 
ing with 10 grams of the potatoes, the amount was increased to 280 grams 
at 44 days of age. In spite of feeding some cod-liver oil the calves suffered 
from scours. The qualitative test for iodine showed little starch in the feces 
at any time although the feces from the scouring calves were very high in 
fat. 

Lindsey and Archibald (144) got fair results in rearing calves upon 
grain mixtures to which had been added 14-19 per cent of corn starch and 
5 per cent of corn sugar. Shaw et ah (230) made an attempt to determine 
the amount of starch digested by calves at different ages. When calves were 
fed 80 grams per day of corn starch, presumably raw, they found only 20 
to 22 per cent of it digested when the calves were 4 to 7 days of age, but 
when the calves reached the age of 3 weeks, 90 per cent of it disappeared 
from the gastrointestinal tract. These experiments need much extension to 
make certain the starch was not lost through fermentation. Furthermore, 
calves may be like dogs at an early age in suffering disturbances in the intes¬ 
tinal tract from the ingestion of large amounts of raw starch. 

Little is known about the utilization of sugars by calves because most 
of the studies are complicated like the starch feeding trials by deficiencies 
in vitamin A. A number of studies have claimed good results from feeding 
whole milk supplemented with corn sugar (Martens, 152). As one might 
expect the results of supplementing skimmilk with glucose arc conflicting 
(Golf and Schwabe, 86). 

Little attention has been paid to other sugars such as lactose and sucrose. 
Lindsey and Archibald (144) claimed lactose at a 30 per cent level gave 
favorable results but was too expensive to be of practical importance. 
Robinson et ah (211) found that lactose favored the storage of calcium when 
this carbohydrate was fed with bone meal to calves. This interesting obser¬ 
vation should be extended. 

Bunger (32) found buttermilk supplemented with lactose or glucose 
gave better results than skimmilk. 

Finally the studies of Usuelli (257) indicate that considerable amounts 
of starch are converted in the rumen into glycogen. The part this plays in 
the utilization of starch by the growing calf deserves attention. 

PAT UTILIZATION BY CALVES 

Few studies of the part fat plays in the diet of the calf have been made. 
From early times attempts were made to substitute products rich in fat for 
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the fat of milk. Thus, flaxseed meal was a favorite produce although today 
it is hard to understand how the calves survived with so little vitamin A 
until they began to eat hay. Well before Frankland (82) established the 
high calorific value of fat, Crusius (41) found that the food value of milk 
was doubled if the fat were left in. His experiments were done with calves. 

Fingerling (78) supplemented skimmed milk with peanut oil, peanut 
meal and flaxseed meal. All of these supplements proved satisfactory for 
calves. Various attempts have been made to feed skimmilk supplemented 
with oils such as cod-liver oil or tallow. Zorn and Eichter (280) reported 
such attempts. In the first trial cod-liver oil threjv the calf off its feed 
quickly. Neither the tallow nor lecithin oil emulsion proved as good as 
butterfat. Even combinations of cod-liver oil and tallow were not entirely 
satisfactory. 

The literature in this field has been reviewed recently by Gullickson et 
ah (94). These workers fed grade calves upon skimmilk in which various 
fats were emulsified at a level of 3.5 pounds of fat per 96.5 of milk. In one 
trial calves were allowed only a low fat diet consisting of ‘‘100 pounds of 
ground molasses beet pulp, 50 pounds of dry skimmilk and 25 pounds of 
cerelose.’’ No hay was allowed but the equivalent of 25-35 cc. of cod-liver 
oil was fed daily. 

Calves fed animal fats as lard, butterfat or tallow did better than those 
given soybean oil, cottonseed oil or corn oil. Calves fed butterfat re¬ 
sponded the best. Gains of only 0.31 to 0.40 pounds daily were made by 
those given plant oils. 

The whole field of the digestion and absorption of fat by calves has been 
little studied. Some evidence indicates that there may even be a little fat 
absorbed before the fat entei*s the true stomach. Norris (192) found the 
excretion of fatty acids in the feces of the calf was 3 to 4 times as high when 
gruel was fed compared to whole milk. This indicates the feed of the calf 
may make extensive changes in the chemical reactions taking place in the 
intestinal tract. Haecker (95) tried rearing calves upon an emulsion of 
corn oil in skimmed milk. If the fat was used at a level of 3 per cent it 
proved too laxative but at 2 per cent it was quite satisfactory. 

Nothing is known about the amount of fat that can be digested and 
absorbed by a calf. A growing lamb or rabbit can be fed as much as 
twenty per cent by weight of its diet in the form of fat and still make good 
use of it. Possibly the calf and cow can also tolerate higher levels than 
have been fed. 

Calves seem much more resistant to the injurious effects of cod-liver 
oil than other herbivorous species such as rabbits, guinea pigs, goats and 
sheep. Madsen et ah (149) and Turner et al, (256) found calves fed a poor 
grade of timothy and a grain mixti^e grew normally if fed a supplement of 
0.7 cc. of cod-liver oil per kg. live weight per day but died if this level 
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was increased to 2 cc. Cod-liver oil was fed by Davis and Maynard (47) to 
dairy calves Ironi birth to 6 or 9 months of af?e at levels up to 0.7 f:^rams 
per kg. live weight without any injury exeept some minor changes in the 
muscles of those fed the higher levels. Jn most herbivora as well as in 
milking cows the injury seems to result from feeding levels above a third 
of a ce. per kg. of live weight per day. 

By the use of the electrocardiograph Agdiihr et al. (1) claimed they 
found evidence of injury to the hearts of calves from feeding cod-liver oil. 
Barnes ei al. (11) found no evidence for such injury but did find changes in 
the electrocardiograms as the calves grew older. Various factors may 
modify the electrocardiogram in the calf. Sykes and Alfredson (246) found 
both age changes and also some due to the diet low in vitamin K. 

Inasmuch as a number of studies have now indicated that the muscle 
degeneration found in herbivora after feeding cod-liver oil is in part due 
to destruction of vitamin E within the aiiimars body, these cod-liver oil 
data produce some evidence that the calf has a lower requirement for this 
vitamin as well as more resistance to cod-liver oil injury than sheep and 
goats. Possibly cod-liver oil is rapidly digested and absorbed by the calf 
before it has a chance to exert its destructive effect upon the vitamin E 
of the diet. 

FAT SOLUBLE VITAMINS 

Nothing is known about the rerpiirements or metabolism of fat soluble 
vitamins E and K but some attention has been given by researchers to 
vitamins A and D. 

Viiamin A. In spite of the fact that the calf is born with a very poor 
reserve of vitamin A, it seems able to survive upon low levels of this 
vitamin until it can eat hay, if it is able to start life by consuming the 
colostrum, and building an initial reserve of this factor. Although experi¬ 
ments from several laboratories indicated clearly as early as the summer of 
1913 that vitamin A deficiency would often destroy the eye before the 
animal died, this subject was given little attention until about 10 years 
later by those concerned with feeding calves. 

In 1924 both Hart ei ah (102) at Wisconsin and Ecklcs (62) at Minne¬ 
sota noted that calves might be born dead and blind in cases where the cow 
had been maintained upon a diet deficient in vitamin A. 

The excellent paper of Jones, Eckles and Palmer (123) showed the 
importance of vitamin A in the nutrition of the calf. To provide an A-free 
diet these workers treated whole milk with hydrogen peroxide and then bub¬ 
bled oxygen through it. Skimmed milk was freed by bleaching in the sun¬ 
shine. In summer the calves were left in the sunshine and in the winter D 
was furnished by cod-liver oil freed from vitamin A. If their diet contained 
40 per cent wheat straw, the calf could grow normally and assays with rats 
showed that 35 per cent of this straw provided the rat with adequate vitamin 
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A. The time for their calves to break down ranged from 2 to 6 months. 
The many symptoms that accompanied this decline included failure to 
grow, pneumonia, nephritis, sclerosis of the liver, and necrosis of the rumen 
as well as blindness. Twenty cc. of cod-liver oil, or if it was present as about 
0.8 per cent of the dry feed, allowed adequate vitamin A. Roughly, then, 
the calf would need less than 16,000 units per day of vitamin A. 

In 1928 the edema that accompanies ‘‘A’^ deficiency was studied further 
by Bechdel et al, (19) while Reed et aL (209) found the blindness that 
developed in heifers fed cottonseed meal could be prevented by feeding more 
hay, thus increasing the vitamin A of the diet. Bechdel (16) found this 
blindness could also be prevented by feeding 25 cc. of cod-liver oil daily. 

Schultz (227) compared the elfect of A-deficient diets upon horses, 
rats, children, cattle and swine showing the common origin of eye symptoms. 
Mead and Regan (178) in rearing calves without hay ran into A deficiencies 
after about 7 months even though some whole milk was fed until the calves 
were 6 months old. In 2 to 7 days their deficient calves responded to cod- 
liver oil feeding and sight was recovered in 1 to 3 weeks. 

Moore and Hallman (181) observed the white spotted kidneys of calves 
fed diets deficient in vitamin A and noted they resembled those found in 
calves that are deprived of colostrum. Furthermore, Moore (182) by means 
of the ophthalmoscope observed a swelling or edema of the nerve head lead¬ 
ing into eye in calves fed a low intake of carotene. As an A-deficient diet 
he fed skimmed milk and a grain mixture of barley 240 lbs., rolled oats 
180 lbs., wheat bran 180 lbs., linseed oil meal 60 lbs., and salt 8 lbs. Calves 
put on this ration when 40 to 90 days of age showed signs of night blind¬ 
ness in 48 to 73 days. This could be cured in 5 to 18 days. The plasma 
level of A might drop as low as 0.13 y. This increased to 0.2 y from feed¬ 
ing 12 to 13 y of carotene per pound of body weight. 

Calves which were fed 28 y were very thrifty and their plasma level 
was about 0.7 y. On pasture, Holstein calves showed plasma levels as high 
as 15 y per ml. of plasma. 

Guilbert and Hart (91) estimate the needs of cattle at about 29 y per 
kg. of live weight. They found that the injection of carotene dissolved in 
olive oil subcutaneously, led to relief of eye symptoms in a deficient calf, 
but in general recovery was very low. Other workers have given a slightly 
lower requirement of 11 y per pound of live weight (Flora et al, 79, Ward 
et al, 259). 

The question is frequently raised concerning the need of calves for 
supplements of vitamin A beyond that furnished by normal feedstuffs. 
Early experience with diets very low in A indicates the calf can bridge the 
period between colostrum feeding and the consumption of hay with quite 
modest allowances of vitamin A. tiDlso Dahlberg and Maynard (44) could 
find no evidence that the addition of a concentrate from cod-liver oil to 
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furnish more vitamins A and D was advantageous. Insko and Supel (119) 
found that the addition of 2 per cent of cod-liver oil to a godd ration was 
of no advantage in rearing calves to 6 months of age. 

A possible relationship between vitamins A and C is suggested by King 
et ah (130) in a recent report from Wisconsin. A few years ago Guthrie 
at Cornell found that a cow on a diet rich in cod-liver oil increased the 
apparent vitamin C of its milk very much but he could never repeat this 
result with some other cows. King et ah have found that calves fed diets 
deficient in vitamin A so that the plasma value drops to 0.18 y also ex¬ 
hibit a parallel drop in both the vitamin C of the blood and a decline in the 
excretion of this vitamin. Furthermore, the papillary edema described by 
Moore (182) was prevented by feeding carotene and injecting vitamin C 
but not by either procedure alone. Inasmuch as the calf is known to synthe¬ 
size vitamin C, these interrelationships are of considerable importance since 
a deficiency of A might lead to two deficiencies. 

Sampson et ah (219) report the loss of 84 calves in a Hereford herd 
fed a winter ration of wheat straw and yellow corn. These calves had fatty 
infiltration of the livers, low inorganic P in their blood serum, low storage 
of vitamin A and some hypoglycemia. These losses were probably a refiec- 
tion of several deficiencies not only in vitamins but in minerals and protein. 

Shepherd and Converse (232) have provided good illustrations of the 
effect of a deficiency in vitamin A in retarding the growth of calves. They 
concluded 4 to 8 cc. of cod-liver oil w’ould satisfy the calf’s need for 
vitamin A. 

Vitamin D. Rickets in calves seem very similar to this disease in other 
species. Marek (151) has compared rickets produced in calves, swine, 
dogs and other species. His work should be consulted for descriptions of 
the histology and pathology of the disease. His section concerning the bio¬ 
chemistry deals mostly with swine. The number of experimental studies 
with calves has been limited because the dog, the rat and the pig are easier 
to use for the experimental production of rickets. 

Bechdel et ah (15) produced rickets in calves by feeding a diet based 
upon the one commonly used for rats. This consisted of yellow corn 64, corn 
gluten 24, casein 8, chalk 3 and salt 1. When the calves were killed at about 
200 days of age and the ash of the femur, humerus and rib determined, it 
proved to be about 10 per cent higher in the normal running 55 to 59 per cent 
of the moisture-free, fat-free basis. A more palatable rachitogenic ration 
for calves consisted of yellow corn meal 54, corn gluten 24, rolled oats 10, 
casein 8, chalk 3 and salt 1. Beet pulp was fed as roughage. The calves 
were given whole milk for a month and skimmed for 3 months before they 
went on the diet. Upon such a diet calves seldom developed rickets if fed 
25 cc. of cod-liver oil daily or if either the calves or their feed were irra¬ 
diated. In this study the per cent of ash in the whole femurs of the rachitic 
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calves was 52 to 56 while in the other calves these values ranged from 
58 to 62. 

These workers found the calf could get adequate D from oat straw or 
hay that had been irradiated. X-ray studies of the bones of rachitic calves 
showed poor calcification. In these calves the blood Ca dropped from 10 to 
8 and in the inorganic P from 7 to 4-5. A pound daily of sun-cured 
alfalfa hay was not enough to cure the rickets in these calves but 2i pounds 
daily was adequate. Good oat straw proved about as good as the hay for 
the calves. 

Duncan and Huflfman (54) studied the effect of ultraviolet irradiation 
upon the blood chemistry and mineral retention of calves. After a calf had 
developed rickets in early March it took more than a month of exposure to 
sunshine to relieve it. When a calf was getting adequate exposure to sun¬ 
shine they found more than half of the Ca and P of the diet might be stored 
but if it were not irradiated there would be little storage. These authors 
decided that the analysis of a rib bone was a good method of evaluating the 
response to antirachitic treatments. 

BechdeJ et al. (18) determined the needs of the calf for vitamin D. A 
level of 135 units of D per 100 pounds of live weight from birth to 7 months 
of age proved insufficient, 300 units seemed adequate. Either irradiated 
yeast or cod-liver oil could be used to furnish this In these studies 

the rickets were produced by feeding calves a concentrate of yellow corn 51, 
ground oats 20, corn gluten meal 20, linseed oil meal 4.25, soybean oil meal 
4.25 and salt 0.5. Long et aL (148) found calves needed only 30 to 40 TJ.S.P. 
units of vitamin D per 100 pounds live weight if the minerals including Mg 
were fed in adequate amounts. 

Krauss and Knoop (134) found calves could be irradiated for 45 minutes 
daily on the head or back with 82 to 84 microwatts per square meter of 
ultraviolet light and thus secure protection equal to that afforded by two 
hours of sunshine in midsummer. The blood Ca of such calves was similar 
to that of the normal with values ranging from 8.8 to 10.4 while the inorganic 
P values were also normal, running from 6.7 to 8.4. 

Marek’s (151) description of the pathology of rickets in calves has been 
amplified by the Michigan workers (Bechtel et al. 21). Among the many 
symptoms listed are lowered Ca and P of the blood, bowing forelegs, swelling 
of the knee and hock joints, humping back, paralysis after the fracture of 
vertebrae, fractured femurs, dragging of rear feet, tetany and irritability, 
retarded growth, anorexia toward foods but not toward milk, excess fluid 
in the joints and distended gall bladder. Some of these symptoms may have 
been related to Mg deficiencies. 

Wallis (258) found that even mature cows developed deficiency symptoms 
upon a diet very low in D. T^e blood Ca and P dropped. Retention of 
these elements was poor and the cows tended to become stiff. 
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Very little is stored in calf tissues (Dutcher and Guerrant 59). 
This conclusion was based upon rat assays made by feeding the liver and 
blood of calves fed cod-liver oil and irradiated yeast. 

Duncan and Huffman (56) were able to kill calves by feeding very high 
levels of 1000 X viosterol. Under such conditions the blood Ca values rose 
to 10 to 13 mg. while the blood P increased to 5-11 mg. 

Gullickson and Eckles (93) were able to keep calves for two years in 
darkness without injurious effects, showing that light furnished no essentials 
other than vitamin D. 

Some additional discussion will be given to vitamin D in the section 
devoted to minerals. 

THE WATER SOLUBLE VITAMINS 

Vitamin C. Inasmuch as no bacteria are known that synthesize vitamin 
C it is unlikely that herbivora have any means of synthesizing this vitamin 
in the gastrointestinal tract. In 1924 McCandlish (164) tried to maintain 
a calf upon milk alone by supplementing this with tomatoes but the calves 
failed unless given alfalfa hay. In this same year Thurston et al. (250) 
found that calves remained normal upon a diet that produced scurvy in 
guinea pigs. Later (249) these workers reared calves from birth upon a 
diet so low in vitamin C that it produced scurvy in 30 days when fed to 
guinea pigs. After heifers were maintained for a year upon a diet low in C, 
their livers still contained a considerable amount of this vitamin. The work 
of Phillips et al. (201) previously noted indicates that the vitamin C syn¬ 
thesis is adequate where enough A is provided. 

Vitamin B. In considering the requirements for water soluble vitamins, 
the herbivora have a unique i^osition. During the first weeks of life the 
young ruminant probably must depend upon its food for these essentials and 
can be regarded as functioning like a young dog or rat. After the bacterial 
flora are established, however, the animal is in position to satisfy the re¬ 
quirements of its body for the fractions by means of bacterial synthesis in 
the rumen. The problem is still different in the horse and rabbit but 
cannot be discussed here. After the flora of the rumen is established there 
is probably a delicate balance betAveen the needs of the growing body for the 
various B fractions and the synthetic powers of the bacteria. If an un¬ 
favorable environment depresses the activity of the organisms in the rumen 
the body must inevitably suffer a deficient supply of the B fractions. 

Likewise, we are aware today of the numerous and specialized require¬ 
ments of bacteria themselves for specific nutrients including the common 
vitamin B fractions. Therefore, the body of the ruminant may indirectly 
rely upon the food supply to furnish these B fractions because certain of 
them are essential for the growth of the rumen flora. 

During the past decade a number of attempts have been made at Cornell 
to rear young ruminants, mostly lambs, upon synthetic diets supplemented 
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with various mixtures of B vitamins. T. Shen (231) reared two lambs from 
birth upon synthetic diets in which yeast supplied the B fractions but these 
lambs grew poorly and remained at about two-thirds normal size when they 
were adults. All attempts at combinations of purified B vitamins have 
failed to produce normal growth in lambs fed synthetic diets (Rasmussen 
207). Inasmuch as numerous studies have shown the B vitamins are syn¬ 
thesized in the rumen, the results of these lamb experiments must indicate 
that the medium provided by synthetic diets for the growth of the flora is 
unsuitable in comparison with that provided by natural feedstuffs. Possi¬ 
bly there are factors in feedstuffs that cannot be synthesized in the rumen. 
Johnson (121) was able to keep calves upon a synthetic diet from the 13th 
day until they were 130 days of age but usually these calves failed. 

It seemed to make no difference in feeding Johnson ^s calves whether the 
synthetic diets contained vitamin Bi, riboflavin or the “grass juice” factor. 
All failed in time. The chief conclusion today is that a rather complex set 
of conditions must be understood before we can develop optimum conditions 
for supplying the calf with these fractions. Phillips et al. (201) indicate B 
complex vitamins will aid in relief from scours in young calves. They men¬ 
tion that niacin and pantothenic acid may be the fractions that are needed. 
This matter needs further careful study. 

Yeast feeding. Various attempts have been made to determine if yeast 
provided nutrients not available to the calf in the usual ration of hay and 
grain, Ecklcs ef ah (65) found no increase in the growth of calves from 
supplementing the usual diet with dry yeast. Prom* the analysis of the 
yeast fed, they must liave had a product with much extraneous matter. 
Newman and Savage (191) found favorable results from including 1 to 6.25 
per cent of yeast in the mixture fed calves. They obtained better growth 
and better feed conversion from feeding diets containing yeast. The favor¬ 
able results obtained by Newman and Savage were statistically significant, 
but when some of this work was repeated by Gardner (84) in 1940 the re¬ 
sults were not so favorable. These apparent contradictions are probably 
the result of the interplay between the yeast and the bacterial flora. 

Prom time to time calves have come to our attention on New York farms 
that were obviously malnourished although supplied with good hay and 
other feedstuffs. Upon examination these calves have been relatively free 
from parasites. Por some reason the flora of the rumen seemed to fail to 
satisfy specific needs of these calves. Upon feeding such calves a suspension 
of dried yeast they responded in a few days by regaining their appetites for 
hay and grain. This matter has been discussed briefly (McCay, 166, Baker 
10 ). 

Bechdel (17) has reported feeding calves a B-deficient diet consisting 
of beet pulp, corn gluten meal, casein, rice, cane sugar, corn starch, hominy 
and mineral mixture. Rats suffered from symptoms of B deficiency on this 
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ration but calves shoAved no symptoms when fed the diet from an age of 138 
to 430 days. Three of the poorest were fed aiitolyzed yeast but the response 
was uncertain. Two cows in this study were placed upon the deficient diet 
low in vitamin Bi, two months before calving. The calves born were nor¬ 
mal. A poor calf, however, seemed stimulated by feeding this yeast. This 
evidence indicates that the calf in most cases can satisfy its requirement for 
B 2 by rumen synthesis. 

Recently, Wagner, Booth, Elvehjem and Hart (263) have shown that 
in a fistulated calf rumen, synthesis of thiamin, riboflavin, nicotinic acid, 
pantothenic acid, pyridoxine and biotin occurred on a diet of acid-washed 
casein, urea, corn starch, corn molasses, bleached wood pulp, salt mixture 
and cod-liver oil. The addition of 200 mg. of thiamin appeared to increase 
the synthesis of certain factors. No evidence for the destruction of thiamin 
in the rumen was found. Unpublished data from the Cornell Station indi¬ 
cate synthesis of thiamin, riboflavin and nicotinic acid when calves were fed 
a diet of vitamin-free casein, corn starch, sucrose, minerals, regenerated 
cellulose, cottonseed oil and vitamin A and D concentrate. 

INORGANIC ELEMENTS 

In studies with calves most attention has been given to Ca, P and Mg. 
Little is known about Na, K, Cl, P, I, Cu, Co and other minor elements. 

Mitchell and McClure (180) have provided tables showing the require¬ 
ments of growing cattle between body weights of 300 and 1200 pounds, for 
Ca and P. As the calf grows older within these ranges the feed Ca require¬ 
ment drops from about 11 to about 5 grams per day while the P need remains 
at a level of about 10 grams. In 1917 Armsby (6, p. 415) summarized the 
daily requirements of calves for Ca and P from the literature then available. 
Thus at 18 days the calf stored daily in per cent of its body weight Ca, 0.02 
and P 0.01 while at 150 days these values were 0.007 and 0.006. 

When McCandlish (157) reported his attempts to rear calves upon a 
milk diet he observed their bones were poorly calcified and they were subject 
to fits before they died at about 200 days of age. In 1923 (160) this same 
author reported that grain failed to supplement the milk but that hay did. 
He thought the grain furnished too much Mg and too little Ca. At about 
this date there was considerable interest in Mg since Palmer et al. (197) 
found that feeding 156 grams of Epsom salts daily to a cow caused Ca to be 
lost from the body unless the diet was rich in P. 

In 1927 Theiler et al. (248) found a heifer could make good growth upon 
a ration containing 10 g. of P and about 6 of Ca. Robinson et al. (211) 
found that different sources of Ca fed calves varied in retention. Thus, 
CaCL caused a negative balance in the P. Ca lactate proved an excellent 
source of Ca while bone meal was intermediate in value between the lactate 
and the chloride. These authors estimated only 10 per cent of the Ca of the 
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chloride was retained, 20 per cent of that of bone meal and 50 per cent from 
the lactate. These studies deserve further attention. 

The extensive reviews of Theiler (247) provide excellent summaries of 
the needs of growing calves for Ca and P when vitamin D is not a factor 
due to the sunshine of South Africa. He noted that the Ca intake could be 
made much lower than the P without running into disease. He observes 
that no calf is born with rickets since the cow sacrifices her own bones in 
order to produce a normal calf. The undersized calves found at nine 
months of age ou pastures deficient in P resulted from a lack of milk rather 
than because the milk lacked this element. Theiler claimed the rickets 
found in sheep were similar to those of calves and babies, while the analogous 
disease of goats resembled the osteodystrophy found in horses. 

Emphasis is laid by Theiler upon rickets as the non-calcification of new 
tissues rather than the decalcification of bone. He says that ossification in 
the proximal bones takes place in the dog at the age of 18 months but not 
until an age of 3 to 4 j^ears in herbivora. Likewise, he notes the cartilage 
of the vertebrae do not close until dogs are a couple of years old and horses, 
swine and ruminants are 4 to 6 years of age. He stresses the importance 
of such factors as being on their feet from an early age in the case of domes¬ 
tic animals. 

Theiler et ah (248) fed growing heifers two years on diets low in P to 
simulate conditions found in pastures. They obtained the typical clinical 
picture resulting from lack of calcification of the cartilage characterized by 
(a) delay in development, (b) bending of extremities, (c) thickening of the 
epiphyses and (d) exposure of nerves leading to stiffness and lameness. To 
relieve pain, animals take unphysiological positions and become malformed. 
Finally, the skeleton becomes fragile and the animals get depraved appe¬ 
tites for old bones. These workers saw no tetany in their animals on diets 
low in Ca or P. This may have been due to the fact that their animals were 
often about a year old at the start of the experiment. 

Huffman et ah ( 112 ) increased the interest in Mg when they found it 
exerted a sparing action on the need for vitamin D in calves. Feeding one 
per cent of Mg CO 3 in their diets seemed to prevent calves from developing 
rickets. The workers also suggested that the reason calves developed tetany 
on whole milk diets was a deficiency in Mg. In calves dying in tetany they 
found very low Mg values in the blood but normal levels of Ca and P. 
Sjollema (235) challenged these conclusions and thought the tetany was due 
to the ratio of Ca to Mg. 

Cunningham (42) found that restriction of Mg in the diet lowered this 
element only in the blood and bones. Increased dietary intake raised it 
only in those. Where cattle were subject to “grass staggers’’ Cunningham 
found the grass was normal and the grass hay had 0.3-0.4 per cent MgO. 
He found only the blood low in these cases of staggers but believed this 
trouble was cured by feeding magnesium salts. 
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Allcroft and Green (2) found seasonal variations in the level of Mg in 
the blood with a maximum in August and a minimum in December. In 
February the level was nearly as high as in June. In Michigan, Duncan 
et al. (58) found the values highest in November (2.55 mg. per cent) and 
lowest in July (2.26 mg. per cent). 

In an experiment covering 255 days Knoop el al. (131) fed calves whole 
milk supplemented with 1 per cent of the dry matter of the milk as well as 
small amounts of iron and copper. The Mg level of the blood remaiiied 
normal where this element was fed. The feeding of this element did not 
seem to modify the ash or breaking strength of the bones. 

Much remains to be learned about the recpiirements of the calf for Mg. 
This seems to be higher than that claimed for otlier species. In Johnson’s 
(121) studies a level of Mg was included in the diet similar to that usually 
fed rats but still his calves developed symptoms of deficiency. In the future, 
discussions of Ca and P will need to include Mg. 

Bisschop ei al. (28) found they could check the bone eating habits of 
South African calves b.y feeding bone meal. When the calves were 1 to 2 
months of age they were given a half ounce daily. At six months of age 
this had been increased gradually to 3 ounces. At six months of age the 
calves fed bone meal had 6 mg. of inorganic P per 100 cc. of plasma while 
the others were below this and steadily declined. They concluded that up 
to a certain point a deficient skeleton can support normal body development 
but after this there is failure. 

Pew cases of areas deficient in Ca and P have been reported in America. 
Gullickson et al. (92) found such an area. These calves were suffering from 
a calcium and vitamin D deficiency. This became worse when they fed 
NaH 2 P 04 but better after they fed a daily supplement of 2 to 9 grams of 
CaCOa. Under these conditions they estimate the calf may need less than 
100 Steenbock units of D per day. 

Meigs (179) concluded his excellent review with a description of the un¬ 
fortunate results of discoveries concerning mineral deficiencies in animals. 
Unscrupulous individuals pretend these deficiencies are more widespread 
than they are and even make unwarranted claims for tests to detect the 
troubles. This is all done for the purpose of selling supplements at very 
high prices. The part calcium plays in the nutrition of the fattening calf 
has been discussed extensively by Weber ei al. (261). 

Sodium cMoride. Very little information can be found about the re¬ 
quirements of calves for salt. This is usually left to the judgment of the 
calf. McCandlish (162) made some observations on the amount consumed. 
A calf usually ate about 0.01 lb. daily but at times it doubled this and at 
others ate only a fifth as much. On pasture the salt intake increased about 
3 times. On a whole milk diet there was also a tendency to increase the 
salt eaten. 
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Theiler et al (248) estimate that the salt need is not more than 1.5 grams 
of Na and 5 of Cl daily for growing heifers. 

Trace elements. Knowledge of the importance of the trace elements in 
the diet of the calf is meager. Iodine has been discussed by Welch (265). 
He observed that if calves are not born hairless and dead they have a good 
chance of recovery even though the thyroids are much enlarged during the 
first weeks of life. The way to prevent this is to feed the cow some form 
of iodine either in her salt or drinking water during the gestation period. 
Mitchell and McClure (180) have given a good summary of the literature 
concerning iodine in live stock feeding. Welch (265) recommends the feed¬ 
ing of iodized salt to cows. If this salt contains 0.02 per cent he estimates 
the cow will get 0.3 grams in 5 months. Iodized salt lost its iodine in a 
few days if exposed to sunlight and rain but may lose only 10 per cent per 
year if stored under a shed according to Johnson and Harrington (120). 

Kalkus (125) observed that as many as 70 to 80 per cent of the calves 
in certain areas in Washington had enlarged thyroids. If the springs were 
early this trouble subsided promptly but if the springs were late and snow 
lay on the ground calves were often lost. Some of the calf thyroids enlarged 
until they weighed 300 to 500 grams. Calves born in the autumn with 
enlarged thyroids had a better chance of living. 

RusoflE (218) by spectroscopic" estimation on four calves found fifteen 
elements in the tissues as follows: Al, Ba, B, Cr, Co, Pb, Mn, Mo, Ni, Ag, 
Sr, Sn, Ti, V and Zn. He was unable to detect any Sb, Be, Bi, Cd, Cs, La, 
Li, Th, W, Y and Zr. No differences were found between the normal calves 
and a ‘*salt sick’’ one. 

The so-called ‘‘salt sickness” of cattle which occurs on the sandy soils 
of Florida leached of mineral nutrients by the rainfall over many years, has 
been ascribed to a lack of various trace elements but the evidence has never 
been very clear-cut. In 1931 Becker et al, (22) recommended salt mixtures 
containing Fe and Cu, At a later date Neal and Ahmann (188) on the 
basis of limited experimental results concluded that Co was the essential 
needed in this disease. A small number of calves seem to grow all right 
with a daily supplement of 5 to 10 mg. of Co fed as the sulfate. However, 
these authors could get no test for Co from the hays that also seemed to 
produce recovery in these animals. 

Only a few studies have been made to establish the requirements of the 
calf for Fe and Cu. Neal and Ahmann (188) found their calves failed upon 
a diet of Natal grass hay, com, skimmilk, cod-liver oil and whole milk with 
supplements of Fe and Cu. Archibald et al, (4) found a nutritional ane¬ 
mia in Massachusetts which responded to Fe treatment. 

Knoop et al. (132) ran an experiment for 255 days upon 12 Holstein 
calves to determine if milk supplemented with Fe and Cu could serve as a 
complete food. They lost only one calf. They used 40 to 60 mg. of Cu 
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and 400 to 600 njj(. of Pe fed as sulfate and oxide respectively, per day. 
Towafd the end of the period the calves tended to develop rickets. The 
differences with and without supplements were not marked in either the 
number of red cells or the hemoj^lobin, beiii^? 8.6 and 9.8 for erythrocytes 
and 7.6 to 10.5 grams of hemoglobin. The higher values were found in cases 
of feeding the supplements. The Pe and Cu storage in the livers of calves 
fed milk alone was found to be 91 and 35 mg., while in calves fed supple¬ 
ments these values were 359 and 550. Whether or not these Ligh levels of 
Pe and Cu are desirable in the liver from the possibility of catalytic destruc¬ 
tion of fat soluble vitamins is unknown. 

Milk as the sole diet of calves. Attempts to rear animals upon milk 
alone have given much information concerning the value of small amounts 
of inorganic constituents. Cannon (36) reviewed the early literature con¬ 
cerning whole milk diets and the development of rickets and tetany on such 
diets but offered no solution of the problems. Today these problems still 
remain unsolved although part of the deficiencies of milk are due to the 
level of the minor elements of copper and iron. 

Milk i>Todncis in the rearing of calves. Since very early times much 
attention has been given to skim milk, McCandlish (161) has provided a 
good review in this field. Wilson ei al. (271) got fair growth feeding calves 
skim milk supplemented with flaxseed containing 30 per cent fat. 

As early as 1904 Otis (196) claimed gains of 1.77 pounds per day for 
calves fed skim milk. He tried the addition of rennet just before feeding 
blit found the calf did not improve when fed the clabbered milk. He also 
fed buttermilk and found calves grew nearly as well as upon skim milk. 
Bckles and Gullickson (63) also found buttermilk gave good growth with 
an absence of the usual troubles encountered in rearing calves. 

Woodward (279) fed calves i, i, and | of their body weight of skimmed 
milk. Even at the lowest level the calves made moderate gains of 0.95 lbs. 
per day. By drinking 80 per cent more milk they could make 50 per cent 
greater gains. 

Cod-liver oil has been used to replace the fat of whole milk but in general 
this has not proved satisfactory. Cottonseed oil has not been as good as 
cod-liver oil. Whole flaxseed meal has been tried many times but it also 
gives poorer results when combined with skim milk than does whole milk. 
Com meal, oat meal, ground peanuts and peanut meal have also proved only 
partly satisfactory. Even in the light of the limited knowledge of today 
it is apparent that these substitutes are deficient in the characteristic fatty 
acids of butter as well as vitamin A, No one knows whether these lower 
fatty acids of butterfat have a distinct part in the metabolism of the calf. 

Skim milk powder can be fed to calves either dry or reconstituted with 
water. The latter seems bettex' for very young calves. Skim milk powder 
has given good results in the hands of the following investigators; Savage 
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and Tailby (222), Woodward (278), Bartlett (12), Hart et al (103), Rupel 
(214), Crawford and Krauss (40), Lindsey and Archibald (145), Rupel and 
Bohsted (215), Savage and Crawford (224), and Williams and Bechdel 
(270). 

Dried whey is a useful calf feed but seems slightly inferior to dry skim 
milk in the tests that have been made (Morrison et al. 183, 184; Rupel 216). 
Inasmuch as there is a considerable waste of whey, it may prove a useful 
substitute for dry skim milk during periods of scarcity of the latter. 

Various buttermilk preparations have proved useful in feeding calves. 
Both dried buttermilk and semi-solid as well as the original have proved use¬ 
ful (Woodward 278, Knott 133, Idaho 115, Idaho 116, Rupel 215, Hart 103, 
Idaho 117, Idaho 118). 

Many of the supplements for these dairy products have been tried be¬ 
cause of availability rather than because they were sanctioned by a knowl¬ 
edge of useful components. Malpeaux (150) found sugar superior to starch. 
Molasses did not prove useful in the hands of Woodward and Lee (277). 

A combination of starch and starch-splitting enzymes was approved by 
many workers (Gouin 87, Maswersit 154, Gouin and Andonard 88, Dolscius 
51, Reichert 210, Pirocchi 200). "Wellman (266) got unfavorable results 
with such a supplement. 

Among the fats Wellman (266) found beef suet unsatisfactory. Peanut 
oil was found satisfactory by Peterson (199) and Pingerling (76). Palm 
oil also proved useful in the hands of Hangel (99). Possibly the calf util¬ 
izes these lower melting fats better than the higher ones such as beef siwt. 
This is true for guinea pigs. The calf has never been studied in this respect. 
Furthermore, linseed oil has proved satisfactory for calves, Dornie and 
Daire (52). 

Many plant products have been tested but none have given outstanding 
results (McCandlish 161). These have included corn meal, oats, oat meal, 
flaxseed, bran, rice flour, barley flour, wheat flour, ground rye, kaffir meal, 
and linseed meal. The many comparisons of the relative merits of these 
products have been conflicting. Better results can be anticipated when the 
requirements of the calf and the specific properties of the products are bet¬ 
ter understood. 

CAIiF MEALS AND GRUELS 

In the historical introduction some of the early feedstuffs used in gruels 
and meals were discussed. The theory of using a complex mixture of mate¬ 
rials for feeding calves is based upon a realization of ignorance concerning 
the nutritional requirements. As the calf has its requirements more rigidly 
defined it should be possible to simplify mixtures to produce normal 
animals. 

In 1894 Haecker (96) reared galves upon skimmed milk supplemented 
with flax meal, bran and‘corn meal. In 1902 Hayward (104) reported good 
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results with some mixtures of feedstuffs fed as ^?ruels. Thus, he fed a mix¬ 
ture of flour 1, flaxseed meal 2 and linseed meal 3. This was started when 
the calf was two weeks old and the gruel was made by adding pounds 
of the dry mixture to 2 gals, of boiling water. Another meal used by Hay¬ 
ward was wheat flour 30, coconut meal 25, dry skim milk 20, linseed meal 10 
and dry blood 2. It is wortliy of note that dry skim milk called “Nutrium” 
sold for ten cents per pound and dry blood sold for three. Dried blood was 
supposed to check the scours and wheat flour was also supposed to ‘‘keep the 
bowels from getting too loose.Both problems are still with us today. 
Possibly some of the substances rich in pectin may prove useful in feeding 
calves as they have in the ease of dogs (McCay and Smith 171). Examples 
of such materials are the residues that are left after pressing juice from 
grapefruit, tomatoes and apples. 

Another mixture tried by Hayward was corn meal 13, dry skim milk 20, 
flaxseed 1.5, dried blood 2, flour 30, coconut meal 6, and chopped oats, 6. 
Calves liked this mixture but did not do as well upon it as they did upon 
other mixtures. 

In 1915 Lindsey (146) published a good review of the calf meals in use 
up until that date. In tliis review there are mentioned some familiar names 
such as Liebig’s Calf Soup, Hansen’s Potato and Barley Malt, Hayward’s 
Calf Meal, Lactina Suisse, Bibby’s Cream Equivalent, Blatchford’s Calf 
Meal and Schumacher’s (Mf Meal. In these meals, he notes, were such in¬ 
gredients as locust bean meal, wheat flour, linseed meal, flaxseed, coconut 
meal, ground beans and peas, cocoa shells, cottonseed meal, fenugreek, salt, 
rice polishings, starch, ta])ioca and sage. Some of these materials such as 
fenugreek with its high content of choline, rice polish with its B fractions, 
cocoa shells witli possibly some D activity, interest us today due to recent 
discoveries. 

Lindsey ran small scale tests with mixtures of corn meal, middlings, flax¬ 
seed meal, flour, salt, glucose, ground oats, blood flour, barley malt and 
potassium bicarjbonate. He fed such a mixture as a supplement to skimmed 
milk. His calf meals were analyzed and the composition was the following: 
ash 2 to 6 per cent, fiber 1 to 6 per cent, protein 15 to 24 per cent an® fat 
5 to 12 per cent. In general the author did not favor cottonseed meal, fenu¬ 
greek, anise or St. John’s bread as ingredients of calf meals but did favor 
the commonly used ingredients as well as oat flakes and malted grains. 

Carr et al, (38) studied the utilization of nitrogen from various com¬ 
binations of feedstuffs as described previously. Their studies were run for 
periods too short to learn of possible vitamin or mineral deficiencies in the 
mixtures but they do show something of nitrogen storage. On a mixture of 
equal parts linseed meal, soybean meal, cottonseed meal and wheat mid¬ 
dlings, about 27 per cent of the nitrogen was stored. On one of hominy 
feed, linseed meal, white flour and blood, about 32 per cent of the nitrogen 
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was retained. Twenty-three per cent of the nitrogen was stored from a 
mixture of equal parts soybean meal, linseed meal, cottonseed meal, wheat 
middlings and dried blood. For a mixture of about equal parts hominy 
feed, linseed meal, wheat flour and casein, the storage was 30 per cent but 
for skimmed milk and a dried mash this storage increased to 40 per cent. 
They found the nitrogen about evenly distributed between the urine and 
feces in rations that produced good growth. 

Caldwell (33) was well ahead of his day inasmuch as he studied not only 
such common protein sources as blood and grains but he also used clover 
juice in one of his studies. Today the literature contains the term ‘‘grass 
juice factor.” 

The meal devised by Maynard and Norris (155) was a mixture of corn 
meal 25 per cent, ground oat groats 15, red dog flour 25, linseed oil meal 
15, ground malted barley 10, soluble blood flour 10, limestone 1, bone meal 
1 and salt 1 per cent. This meal is still in use with the following changed 
composition: corn meal 20.75 per cent, flour 22, oat flour 15, linseed meal 
15, malted barley 10, dry skim milk 12, blood flour 3, salt 1, bone meal 1 
and cod-liver oil concentrate 0.25 per cent. This cod-liver oil concentrate 
contains 3,000 units of A and 400 of D per gram. For several years farmers 
in New York and adjacent states have used 900 to 1,000 tons per year. This 
means that 4,000 to 6,000 calves per year have been raised on it. This mix¬ 
ture has also proved useful for many years as a stock ration for white rats. 

Ellington and Knott (70) report good growth upon a mixture of corn 
meal 40 per cent, alfalfa leaves 20, wheat bran 20 and linseed meal 20 per 
cent. Davis and Cunningham (49) used a mixture of corn meal 2, wheat 
middlings 4, oat groats 2, linseed meal 1, blood meal 0.5, bone meal 0.2 and 
salt 0.2. This was fed as a gruel. Berry (26) used a mixture of ground 
oats 1, bran 1, com meal 1, dry skim milk 1, linseed meal 0.5 and salt 1. He 
had some trouble with this mixture fed as a gruel. 

Morrison and Rupel (185) fed a mixture of com meal 25, wheat feed 25, 
malted grain 25, linseed meal 12, blood meal 10 and salt 1. Some bone meal 
was also used. They found no improvement in this mixture for calves from 
the addition of 10 per cent tankage. Bender and Perry (25) used a mixture 
of corn meal 100, ground oats 150, wheat bran 50, linseed oil meal 50, soluble 
blood flour 50, bone meal 4, limestone 4 and salt 4. They state that blood 
meal or dried blood cannot replace the soluble blood flour. When the calf 
reaches 6 months of age they change the composition to equal parts of corn 
meal, ground oats and bran with 0.3 part of linseed meal. 

Archibald (5) made some attempt to improve calf meals from the stand¬ 
point of physical composition. He ground some in a ball mill and added 
gelatin to support a suspension. He also tried cooking the meal. Digestion 
trials indicated little difference exc^t that the cooked dry matter seemed 
a little better utilized. In general the values for utilization of the cooked 
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and raw were dry matter 75.72 per cent, protein 74.78 per cent, and ether 
extract 95 per cent. These utilization values are very similar to those for 
dogs fed dry feeds composed largely of breakfast food by-products with the 
protein provided by meat and milk (McCay 165). 

In recent years attention has been given to the improvement of calf meals 
by making substitutions. Biting and LaMaster (71) found a mixture of 
about 40 corn meal and 40 ground oats could be supplemented with 10 parts 
of fish meal, skim milk or cottonseed meal. Double this amount of cotton¬ 
seed meal was fed in one trial. Huffman (113) also found that cottonseed 
meal could be used if the remainder of the rations was complete. Cunning¬ 
ham and Addington (43) were able to feed calves cottonseed meal but their 
calves showed the signs of deficiencies, such as chewing wood. 

Campbell (35) found he could supplement a mixture of equal parts of 
corn, oats and bran satisfactorily with either linseed meal or fish meal. In 
a stud}^ using Holstein calves Krauss cA ah (135) found that blood meal 
could be replaced by skimmed milk, fish meal or meat scrap. Williams and 
Beehdel (270) found skim milk and blood meal of equal value. 

Soybeans in different forms have been studied by Hilton eA al. (107). 
In a mixture of equal parts of corn, oats and bran they found ground raw 
soybeans as good as linseed oil meal. Hilton et ah (106) found no advan¬ 
tage in grinding their meals except that calves consumed about 10 per cent 
more. Skinner and King (236) attemptcid to improve soybeans by roasting 
them but their results were negative. Shoptow (233) attempted to rear 
calves upon soybean milk made by suspending a pint of flour in nine of 
water. Calves did not seem to thrive as well upon this milk as the babies 
of China that were fed by Tso. 

The calf seems to be able to utilize rather diverse mixtures of plant 
products. In the popular bulletin of Herman (105) are recommended mix¬ 
tures varying from 30 to 50 per cent in corn meal, from 25 to 30 in ground 
oats, from 20 to 50 per cent in wheat bran and from 10 to 50 per cent in 
linseed oil meal. Perhaps the (‘alf survives in spite of this mixture. 

Willard (268) has found the greatest consumption of hay results from 
keeping the available grain low from a fairly early age. He found the 
amount of hay consumed bears almost a direct relation to the age of the calf. 

A few special feedstuffs for dairy calves have been given a little study. 
Calloway (34) found he could use blackstrap molasses, starting to feed 
about 2 ozs. daily when calves were 3 weeks old, and increasing this gradu¬ 
ally to 2 pounds daily when they reached 24 weeks. In general the use of 
molasses seems limited during the early months of calf feeding. Cocoa meal 
was tried by Ellenberger and Aplin (69). They found calves disliked it 
and there was even some evidence of injury. 

CALF STARTERS 

In recent years the trend is away from calf meals and gruels to calf 
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starters. The calf starter method of raising calves as outlined by Turk 
(255) consists of feeding a minimum amount of whole milk (350 lbs.) for a 
short period (7 to 10 weeks). The calf is then weaned and must grow after 
weaning on a diet of mixed ingredients, a calf starter, hay and grain. *The 
calf starter is fed ad lib, as soon as the calf will eat it until it is 12 weeks of 
age, and then the amount of calf starter is limited to 4 lbs. per day and a 
simple mixture of ingredients like ground corn and oats, wheat bran and 
linseed oil meal is added. At sixteen weeks the calf starter is dropped from 
the ration because of its cost. Hay is fed ad lib, as soon as the calf will eat 
it and water is kept before the calf at all times. 

To Mead, Regan and Bartlett (176) should be given the credit of begin¬ 
ning in 1924 the feeding of calf starter dry with a minimum of whole milk. 
This was an epoch-making change because it meant doing away with liquid 
feeding except a small amount of whole milk. Thus, the labor of raising 
calves has been greatly reduced. 

Bender and Bartlett (24), Bender and Perry (25) and investigators at 
several experiment stations besides New Jersey explored further the value 
of the New' Jersey calf starter. 

Savage and Crawford (223) developed the first Cornell dry starter in 
1933. These starters have been improved to the formula given in the sum¬ 
mary of this review. 

In New York, New Jersey and northern Pennsylvania more than 1,000 
tons of calf starter are sold by one company each year. This means that 
more than 6,000 calves are raised on this starter alone each year. The use 
of the dry calf starter method is now (1942) much greater than the use of 
calf meal gruel method. Many commercial closed-formula calf starters are 
sold in pellet form. Newman and Savage (191) could see no advantage in 
the iise of pellets. Their investigation of this point, however, was not exten¬ 
sive enough and should be repeated. In our opinion the calf starter method 
of raising calves is the most economical. Calf starters will be improved and 
their cost per ton lessened as we find out more about the real needs in a 
calf’s diet. 

Special studies with dairy calves. In recent years interest in the selec¬ 
tion of proper feed mixtures by growing animals has been revived due to 
evidence that babies and rats can select adequate diets if allowed free access 
to a number of ingredients. From time to time such trials have been made 
with calves and swine but the results have usually been unfavorable. 
McCandlish (162,163) made such studies. From them he concluded calves 
prefer whole corn and oats to the ground grains. He found they did not 
like hominy feed and did like linseed oil meal better than bran or com 
gluten. In general his calves selected rations with a narrow nutritive ratio. 
They also ate considerable amoui^ts of botli charcoal and salt. One can 
understand the salt consumption but is rather mystified by the charcoal. 
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Olson (194) found calves in self-feeding trials could not balance the ration 
and showed signs of rickets in about three months. Among 20 calves the 
ran^e in feed eaten was very great. The following are some of his values 
in round numbers: yellow corn 3 to 723, white corn 4 to 405, wheat bran 2 
to 309, linseed Oil meal 11 to 652, oats groats 7 to 368, whole oats 22 to 682 
and alfalfa 1 to 192. These calves were capricious about their selections. 
Self-feeding of balanced rations x>roved satisfactory to Nevens (190). 

The old question of the possible unfavorable effects of milk foam upon 
the dairy calf has been studied from time to time. Olson (193) fed one 
group of calves twice as much foam as occurs normally and another none. 
He found no injurious effects. Cannon, Espe and Shultz (37) also studied 
this problem and concluded there were no ill effects from feeding the foam. 
Tretsven and Keyes (253) came to the same conclusions. On the other hand, 
MeCandlish (161) concluded that foam on mechanically separated milk pro¬ 
duced digestive disorders in calves. 

WATER CONSUMPTION 

MeCandlish (161) concluded w^ater should be allowed calves even when 
they are getting milk. In studying mature animals Kellner and Kohler 
(128) found from 2.7 to 4.2 pounds of water were drunk per pound of dry 
feed at a temperature of 16-17° C. Under such conditions 46 i)er cent of 
the water was in the feces and 29 per cent in the urine. 

MeCandlish (163) found a daily consumption of 4 pounds of water dur¬ 
ing the first month and 8 jiounds per day during the second. Morrison et aL 
(184) found calves made better gains when allowed water even if they were 
being fed skimmed milk. For calves receiving liquid milk Atkeson et aL 
(9) found water of little importance for the first 8 w’^eeks. They found a 
calf at 4 weeks of age might drink only 10 lbs. of water per week and when 
25 weeks old might have increased this to 270 lbs. Elting and LaMaster 
(71) advocated warm water allowances for calves after weaning to accustom 
them to water drinking. 

GROWTH OF CALVES 

The rate of growth of calves has always been of much interest to nutri¬ 
tion students because a deficient diet is most easily detected in a slow growth 
rate. At the same time, however, the purpose of rearing calves is to produce 
cows with bodies of a type that will permit the optimum production of milk 
during a long lifetime. The possibility exists that the optimum lifetime 
performance may not be the result of the maximum rate of attainment of 
adult body size although most nutrition workers have assumed this to be 
true for all animal species. Some breeders of Guernseys and Jerseys prefer 
a slower rate of growth since they feel it produces a better cow. However, 
these breeders are as deficient in data to support their point of view as are 
those who try to produce the greatest possible growth rate in developing 
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calves. This whole problem has been discussed in more detail elsewhere 
(McCay and Crowell 173, McCay 172). 

The greatest need today is for establishing the interrelationships between 
the diet of the calf, the rate of growth, the diet of the cow and the lifetime 
performance. In general the philosophy that has stimulated producers to 
promote the maximum growth rate in the calf is based upon the thesis that 
this method produces the largest and best formed cow. It is well known 
that calves and sheep retarded in growth as the result of rations inferior in 
quality and amount are likely to be permanently stunted if this retardation 
is long continued. The first person to give serious attention to this problem 
in the case of calves was H. S. Waters (260). 

Waters found that a constancy in body weight of calves may mean that 
the skeleton continues to grow while other parts such as the muscles may 
decline. By permitting periods of alternate growth and retardation he 
found a tendency for the body to compensate by growing more rapidly after 
periods of retardation. He concluded that the animal could grow steadily 
from birth to maturity, could store fat for bad periods, could prolong the 
growth period if retarded, could increase the growth rate above normal after 
a period of retardation and on a low plane of nutrition could conserve nutri¬ 
ents possibly by better utilization. There is need today for the repetition 
of Waters’ research and the study of the animals throughout life. 

Eckles and Swett (64) confirmed Waters’ findings of a longer growth 
period from feeding scanty rations. They found little relation between the 
ultimate size of an animal and the weight of the calf at birth. They also 
found compensation in the form of increased growth rate after periods of 
retardation. They found heifers restricted in diet never became quite as 
large as others. 

One of the best known growth studies was that of Eckles (61) in vrhich 
he found the growth rate for 26 Ayrshire heifers from birth to 3, 6 and 12 
months of age to be 1.12,1.21 and 1.08 pounds per day respectively. Later 
McCandlish (159) reported corresponding figures for heifers of the four 
dairy breeds of 1.07, 1.37 and 1.17. In general McCandlish (161) stated 
that dairy calves should gain more than a pound per day during the first 
three months and in excess of a pound and a quarter during the following 
6 months. 

Since the extensive series of bulletins published from Missouri by Eckles, 
Eagsdale, Brody and many others, especially in the series “Growth and 
Development” beginning in 1926, give a comprehensive picture of growth 
not only in calves but in many other species, little space will be devoted to 
this very involved subject here. Ragsdale ei aL (204) show that growth 
continues at a constant percentage rate (30^ per cent per month) until the 
end of four months. Following tl^ age in calves the growth rate declines 
at 4.5 per cent per month. The more recent discussion of the changes in 
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organ weights in relation to body weights of animals is found in the bulle¬ 
tin of Brody and Kibler (31). • This subject is of great importance since the 
relation of growth of parts to the growth of the whole body may be pro¬ 
foundly modified by different states of nutrition. The development of these 
parts in turn may have great influence upon the ultimate shape of the ani¬ 
mals body, the productive capacity of the body and the resistance of the 
animal to disease. A bare glimpse into the possibilities in this field can be 
seen in the recent reports concerning retarded growth (Pomeroy 203, 
McMeckan 175, McCay 172). Growth is far more than the increase in the 
body weight of an animal from day to day. It involves the changes in the 
numerous parts of that body. These in turn are the links in the chain that 
determine the capacity of the body to live and to produce. 

Davis and Willett (48) could find no relation between the rate of growth 
of calves up to 2 years and the milk or fat production in the first lactation 
or the lifetime average of lactations. However, the factors that condition 
the rate of growth are very numerous and these need to be considered in 
such work. The total increase in the body weight upon one diet may mean 
different internal conditions than from another although the body weight 
increases may be identical. The internal structures of the body determine 
its productive capacity and only upon the assumption that gross body weight 
always provides a constant internal relationship of organs and the compo¬ 
sition of these structures would we expect to find close correlations between 
the increase of the whole body and of the calf and productive capacity of 
the cow. 

The calf as a converter of matter. From very early times the relation 
between the rate of growth and the efficiency of convereion has been clearly 
recognized. Thus, Stewart (243) comments on the profits from a calf that 
increased in body weight by an average in excess of 3 pounds daily for 
nearly a year. He states “from extra food comes all the profit.’’ His dis¬ 
cussion concerns meat production and not lifetime activities in producing 
milk and calves. 

Hunziker and Caldwell (114) kept very careful records upon the food 
consumed by 10 calves for 26 weeks. With one exception all these calves 
gained between a pound and a pound and a half daily. About 4.5 pounds 
of dry matter were fed daily to produce these gains. 

Armsby (6, p. 712) estimated that exclusive of the maintenance require¬ 
ment a calf during the first month of life required 1.17 therms of net energy 
per pound increase. As the calf became older and the rate of growth de¬ 
clined this value increased to 2.29 therms during the 9 to 12th month. 
When the calf weighed 150 pounds he estimated the net energy requirement 
per day was 1.69 therms while at a body weight of 500 pounds this value was 
3.78 therms. 

Armsby and Moulton (8) estimated that calves had a gross efllciency of 
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9 to 10 per cent in the conversion of feed into body tissues. Ragsdale et al 
(204) have discussed this conversion eflSciency and presented data showing 
the variability found when working with small groups of different breeds. 
Their values for dry matter consumed per pound of gain vary from less 
than 1 to nearly 20. As a rule their values increase from about 2 when the 
calf is a month old to 7 or 8 at the age of 11 months. 

Purified diets for calves. In a preliminary report Johnson, Loosli and 
Maynard (122) indicated that only moderate success was achieved in rear¬ 
ing dairy calves from birth to 6 months of age on highly purified diets. At 
48 to 60 hours after birth and after the calves had received colostrum they 
were changed abruptly to an artificial mixture of casein, lactalbumin, sugar, 
butter or lard, minerals and water that was similar in composition to cow’s 
milk. The calves were given free access to a dry meal made up of casein, 
starch, sugar, cottonseed oil, cellulose and minerals and they were changed 
entirely from the artificial milk to the dry diet at 3 months of age. Under 
these conditions of feeding the growth rate of the calves was never more 
than 80 per cent of normal for the sex and breed. The addition to the basal 
diet of supplements of thiamin, riboflavin, yeast or grass juice did not uni¬ 
formly influence the growth rate or general appearance of the calves. 

In the initial studies certain calves developed magnesium deficiency and 
died in tetany. The addition of 25 to 30 mg. per kg. body wt. of Mg as 
MgCOa maintained the serum Mg at a normal level and prevented tetany. 
Some of the calves developed paralysis of the legs that continued to appear 
after the Mg intake was increased. 

Subsequent studies by Loosli in 1941 (unpublished) have shown little 
consistent advantage in the rate of growth when 6 per cent of liver was 
added to the diet. While yeast supplements did not improve the growth 
rate their removal from the diet caused decline in the appetite and eventual 
failure in two cases. A number of calves have been successfully reared to 
5 and 6 months of age. When they were turned to pasture or placed upon 
hay and grains they have made good growth and developed into apparently 
normal animals. While it appeared that many of the calves could have been 
continued for considerably longer periods on the purified diets their fre¬ 
quent failure to make normal increases with age in the feed intake and the 
occasional death of animals due to a specific leg paralysis clearly indicate 
that the diets studied are deficient for normal growth and development. 

SUMKARY 

Ragsdale (206) has given us growth standards for dairy cattle. His 
figures are given as standard weights at the end of each month. We have 
constructed table 4 from his tables to show standards from birth to 16 weeks 
of age by weeks. Frmn data collect^ at Cornell in the investigations witli 
different calf starters we show standard weights that may be expected when 
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calf starters are used. As shown by the figures at the top of the columns 
Ragsdale averaged various numbers of calves to get his weights. For ex-* 
ample, he had from 101 to 124 Ayrshire calves in his groups. Our weights 
are for calves fed formulas CS, MAY, and similar formulas, with hay 
from birth to 16 weeks. This table shows that the calf starter method will 
grow calves somewhat heavier than Ragsdale’s calves. This table will be 
valuable for comparison in future investigations. 

From our review we cannot determine that a record of the height at 
withers is a better criterion of judgment as to the progress of a calf than 
a live weight record. Perhaps both should be kept. Both together are 
probably better than one alone. 

In table 5 we suggest three formulas for a calf starter. The C S for-' 
mula has been used commercially with more than 15,000 calves and has given 
very fine results. It is fed with a minimum of 350 lbs. of whole milk fed 
over a period of 7 to 10 weeks and hay and grain according to the method 
given by Turk (255). 

Formula M A Y is designed as a cheaper formula to use less expensive 
ingredients. Alfalfa leaf meal is used as a source of A. Tomato pomace 
is a source of A, B, and pectin, irradiated yeast is used for D. This elimi¬ 
nates the need for cod-liver oil concentrate. Bone meal and dicalcium phos¬ 
phate may be used interchangeably as a source of calcium and phosphorus. 
Unpublished results with 22 calves at Cornell show that this MAY for¬ 
mula will give as good results as those raised at Cornell on formula C S. 

TABLE 5 


Calf starter formulas 



CS 

MAY 

LOY 


lbs. 

lbs. 

lbs. 

Yellow corn meal 

647.5 

369.75 

389 

Boiled oats .. 

560 



Crushed oats 


400 

400 

Wheat bran . . 

■ 200 


360 

Heavy wheat feed 


300 


Linseed oil meal 

100 

200 

400 

White fish meal . .. . 

60 

100 


Dried skimmilk 

200 

100 


Corn gluten feed . .. 

120 



Peanut oil meal . .. 


100 


Coeoanut oil meal . 


100 


Com oil meal 

40 



Molasses ... .... 


100 

160 

Alfalfa leaf meal 


100 

100 

Tomato pomace . .. . 


60 

60 

Brewers' yeast. 

40 

40 

100 

Irradiated yeast. 


0.25 

1 

Ground limestone . 

10 

10 

10 

Steamed bone meal .. . 

10 

10 


Dicalcium phosphate .. . 



10 

Salt . 


10 

10 

Cod-liver oil (cone.). 

2.5^ 
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The L 0 Y formula is an attempt to furnish all the known needs of 
calves from simple well known ingredients to the 16th week when fed with 
350 lbs. of whole milk and good hay, green enough to furnish a goodly 
amount of A and D. Formula L 0 Y promises well. 

Computation shows that formulas MAY and L 0 Y will furnish enough 
energy, protein, vitamins and minerals after the fourth week when calves 
begin to eat considerable starter and hay. From birth to the end of the 
fourth week we recommend the feeding of colostrum for the first week and 
extra amounts of A and D and perhaps some of the fractions of B accord¬ 
ing to the methods of Phillips et ah (201). It is of no use to put more 
vitamins into the starter because the calves do not eat enough of it and hay 
to provide these things from birth to the fourth week. 

We have written this summary in this concrete form to show what we 
have gathered from the literature and data to date (1942). 

BEFERENCES 

(1) Agduhr, E., and Stenstrom, N. Acta Pacdiatrica, 8: 493. 1929. 

(2) Allcroft, W. M., and Green, H. H. Jour. Comp. Path, and Thcr., 61: 176-'191. 

1938. 

(3) Anderson, A. K., Gaylet, H. E., and Pratt, A. 1). Jour. Dairy Sci., IS; 336- 

348. 1930. 

(4) Archibald, J. G., Kucinski, K. S., Brooke, 11. 0., and Greeman, S. L. Joijr. 

Dairy Sci., 21; 59-68. 1938. 

(5) Archibald, J. G. J our. Dairy Sci., 11: 119-135. 1928. 

(6) Armsby, H. P. The Nutrition of Farm AnijualH. Tho MacMillan Co., New York, 

1917. 

(7) Armsby, H. P. Natl. Bos. Council Bui. No. 12. 1921. 

(8) Armsby, 11. P., and Moulton, C. B. The Animal as a Converter of Matter and 

Energy. The Chem. Catalog Co., New York. 1925. 

(9) Atkeson, F. W., Warren, T. B., and Anderson, G. C. Jour. Dairy Sci., 17: 

249. 1934. 

(10) Baker, Donald W. Cornell Veterinarian, 31: 13. 1941. 

(11) Barnes, Leroy L., Davis, G. K., and McCay, C. M. The Cornell Yet., 28: 16-22. 

1938. 

(12) Bartlett, J. W. N. J. Agr. Expt. Sta. Ann. Bpt. 217. 3925. 

(13) Bassow, B. Moscou, Soc. Nat. Bui., 26: 315-319. 3843. 

(14) Batigne. Essai sur lo Digestion. Berlin. 1768. (After Spallanzani. 1768.) 

(15) Bechdel, S. I., Landsburg, K. G., and Hill, O. J. Pa. Agr. Expt. Sta. Tech. Bui. 

291. 1933. 

(16) Bechdel, S. I. Pa. Agr. Expt. Sta. Bui. 266. 3933. 

(17) Bechdel, S. I. Pa. Agr. Expt. Sta. Bui. 196: 39. 1925. 

(18) Bechdel, S. I.. Hilston, N. W., Guerrant, N. B., and Dutchee, B. A. Pa. Dept. 

Agr. Bui. 364. 1938. 

(19) Bechdel, S. I., Honeywell, H. E., and Butcher, B. A. Pa. Dept. Agr. Bui. 230, 

1928. 

(20) Bechdel, S. I., Eckles, C. H., and Palmer, L. S. Jour. Dairy Sci., 9; 409-438. 

1926. 

(21) Bechtel, H. E., Hallman, E. T., Huffman, C. F., and Duncan, C. W. Mich. 

Agr. Expt. Sta. Tech. Bui, 150. 1936. 



644 


E. S. SAVAGE AND C. M. MCCAY 


(22) Beckek, E. B., Neal, W. M., and Shealy, A. L. Salt Sick, Florida Agr. Expt. 

Sta. Bill. 231. 1931. 

(23) Belgowski, J. Arch. f. die ges. Physiol., 148: 319-366. 1912. 

(24) Bender, C. B., and Bartlett, J. W. Jour. Dairy Sci., 12; 37. 1929. 

(25) Bender, C. B., and Perry, E. J. N. J. Agr. Col. Ext. Bui. 73. 1929. 

(26) Berry, M. H. Maryland Agr, Expt. Sta. Bui. 330. 1931. 

(27) VON Bibra, E. Chemische Untersuehungen uber die Knoohen und Zahne. 

Schweinfurt. 1844. 

(28) Bisschop, j. H. B., Molan, A. I., Si’eyn, H. P., and Laurence, G. B. Onder- 

spoort Jour. Vet. Sci. and Anim. Indus., 13: 321-343. 1939. 

(29) Blondlot, N. Traite Analytique de la Digestion. P. 205. Paris. 1843. 

(30) Boushingaiilt, .T. B. Rural Economy. Trans, by O. Law. New York. 1845. 

(31) Brody, S., and Kibler, II. H. Mo. Agr. Expt. Sta. Res. Bui. 328. 1941. 

(32) Bunqer, D,, Dio Kalbermast. Dent. Gosell, f. Ziichtungsk., 16: 1931. 

(33) Caldwell, R. E. Jour. Dairy Sci., 2: .312-329. 1919. 

(34) Calloway, R. C. La. Agr. Expt. Sta. Bui. 180. 1921. 

(32) Bunoer, 1)., Die Kalbermast. Deut. Gesoll. f. Ziichtungsk., 16: 1931. 

(36) Cannon, C. Y. Iowa Agr. Expt. Sta. Res. Bui. 136. 1931. 

(37) Cannon, C. Y., Espe, D. L., and Schultz, E. N. Iowa State Col. Ext. Cir. 214. 

1935. 

(38) Carr, R. H., Spitzer, G., Caldwell, R. E., and Anderson, 0. H. Jour. Biol. 

Chem., 28: 501. 3916-17. 

(39) Chossat, C. Acad, des Sci., Paris, Compt. Rend., 7: 542, 1839; 8: 438. 1843. 

(40) Crawford, C. H., and Krausb, W. E. Ohio Agr. Expt. Sta. Bui. 431. 1929. 

(41) Crusius, Fr. Landw. Vers. Sta., 1: 101-123. 3859. 

(42) Cunningham, I. J. New Zeal. Jour. Sci. and Technol,, 18: 439-423. 1936, 

(43) Cunningham, O, C., and Addington, L. H. N. Mex. Agr. Expt. Sta. Bui. 226. 

1934. 

(44) Dahlberg, a. C., and Maynard, L. A. Jour. Dairy Scr., 20: 59-61. 1937. 

(45) Dann, W. j. Biochcm. Jour., 26: 1072-1080. 1932. 

(46) Davenport, E. Ill. Agr. Expt. Sta. Bui. 46. 1897. 

(47) Davis, George K., AND Maynard, L. A. Jour. Dairy Sci., 21: 143-151. 1938. 

(48) Davis, H. P., and Willett, E. L. Jour. Dairy Sci., 21: 637-642. 1938. 

(49) Davis, R. N., and Cunningham, W, S. Ariz. Agr. Expt. Sta. Bui. 111. 1923. 

(50) Delaune, E. Soc. Expt. Biol, and Med. Proc., 41: 482. 1939. 

(61) Dolscius. (Prom McCandlish.) Deut. Landw. Presse 34: 671. 1907. 3939. 

(52) Dornie and Daire. (From McCandlish.) Indust. Lait. 33: 183. 1908. 1939. 

(53) Dukes, H. H, The Physiology of Domestic Animals. Ithaca, N. Y. 1935. 

(54) Duncan, C. W., and Huffman, C. P. Jour. Dairy Sci,, 19: 291-303. 1936. 

(55) Duncan, C. W., Huffman, C. F., and Robinson, C. 8. Jour. Biol. Chem., 108: 

35. 1935. 

(56) Duncan, C, W., and Huffman, C. F. Jour. Dairy Sci., 17: 83-91. 1934. 

(57) Duncan, C, W,, Lightfoot, C. C., and Huffman, C. F. Jour. Dairy Sci., 21; 

689-696. 1938. 

(68) Duncan, C. W., Lightfoot, C. C., and Huffman, C. P. Jour. Dairy Sci., 23; 
125. 1940. 

(59) Dutchee, R. 4, AND Guernant, N. B. Pa. Agr. Expt. Sta. Bui. 367. 1938. 

(60) Earl of Spencer. Roy. Agr. Soc. England Jour., i, 165. 1840. 

X6I7ECKLES, C. H. Mo. Agr. Expt. Sta. Res. Bui. 36. 1920. 

(62) Eckles, C. H. Jour. Dairy Sci., 7: 421. * 1924. 

(63) Eckles, C. H., and GuLLioKsoN,**lr. W. Jour. Dairy Scl, 7: 213. 1924. 

(64) Eckles, C. H., and Swett, W. W. Mo. Agr. Expt. Sta. Bui. 163. 1918. 



THE NUTRITION OP CALVES; A REVIEW 645 

(65) Eckles, C. H., WiLijAMs, V. M., Wilbur, J. W., Palmer, L. S., and Harshaw, 

H. M. Jour. Dairy Sci., 7: 421-439. 1924. 

(66) Eddin, H. K. Laridtbr. Akod. Honidl. ocli Tidskr., 66; 83-120. 1916. 

(67) Eddin, n. K. Mcddcl. Centralanat. Eorsoksv. JardbrukHomradet. Nr. 124. 1915. 

(68) Ehrlich, P. Ztseli. f. Hyg. u. Infektionskrank., 12; 183. 3892. 

(69) Ellenberger, II. B., and Alpin, K. D. Vt. Agr. Expt. Sta. Bui. 234. 1928. 

(70) ELLTNGaw, E. V., and KNcyrr, J. C. W^aali. Agr. Expt. Sta. Bui. 178. 1923. 

(71) Elting, E. C., and Lamaster, J. P. S. C. Agr. Expt. Sta. Bui. 293. 1934. 

(72) Espe, D, L., and Cannon, V. Y. Amer. Jour. Physiol., 119: 720-723. 1937. 

(73) Evans, R. J., Phillips, P. H., and Hart, E. B. Jour. Dairy Scji., 21: 81-84. 

1938. 

(74) Eamulener, L. W. Jour. Infect. Dis., 10: 332-368. 1912. 

(75) Eingerling, G. B., Hientsch, II. Kunze, and Reifgkrst, K. Rinde Laiidw. 

Vers. Sta., 128: 221. 1937. 

(76) Eingerling, G. Landw. Vers. Sta., 68: 143. 1908. 

(77) Eingerling, G. Wendcr Vers. Sta., 76; 1-74. 1912. 

(78) Eingerling, G. Landw. Vers. Sta., 68: 141. 1909. 

(79) Elora, C. C., Ward, R. E., Beokdel, S. 1., Guerrant, N. B., and Butcher, R. A. 

Jour. Dairy Sci., 22: 321-328. 3939. 

(80) Elourens, P. Meinoires d ^Aiiotomie ot de Physiologic Comijarees. Paris. 1844. 

(81) Eorbes, E. B. Natl. Res. Council Bui. 42. 1924. 

(82) Erankland, E. Phil. Mag., 32: 198. 1866. 

(83) Gamble, J. A., Earle, I. P., and Howe, P. E. U. S. T). A. Tech. Bui. 661. 1938. 

(84) Gardner, K. E. Yeast in Concentrate Mixtures for Dairy Calves. Thesis. Cornell 

Univ. 1940. 

(85) Garrett, O. E., and Overman, O. R. Jour. Dairy Sci., 23: 13. 1940. 

(86) Golf, A., and Schwabe, H. C. Zuchtungskundc, 3: Heft 4. 

(87) Gouin, (Erom McCandlish.) Milch Ztg., 26: 493. 1897. 1939. 

(88) Gouin and Andonard. (Erom McCandlish.) Bui. Sta. Agron. Loire Inf. 48. 

1905. 1939. 

(89) Groenewald, j. W. Onderstepoort Jour. Vet. Sci. and Anim. Indus., 4; 93-165. 

3935. 

(90) Guilbert, H. R., and Hart, G. H. Jour. Nutr., 8: 25. 1934. 

(91) Guilbert, II. B., and Hart, G. H. Jour. Nutr., 10; 409-427. 1935, 

(92) Gullickbon, T. W., Palmer, L. S., and Boyd, W. L. Minn. Agr. Expt. Sta. 

Tech. Bui. 105. 1935. 

(93) Gullickbon, T. W., and Eckles, E. H. Jour. Dairy Sci., 10; 87-94. 1927. 

(94) Gullickbon, T. W., Eountaine, E. C., and Eitch, J. B. Jour. Dairy Sci., 26: 

117-128. 3942. 

(95) Haecker, a. L. Neb. Agr. Expt, Sta. Bui. 87. 1905. 

(96) Haecker, T. L. Minn. Agr. Expt. Sta. Bui. 35. 1894. 

(97) Hagemann, 0. Landw. Jahrb. 20: 264. 1891. 

(98) Haigh, L, D., Moulton, C. R.. and Trowbridc'e, P. E. Mo. Agr. Expt. Sta. Res. 

Bui. 38. 1920. 

(99) Hanoel. (After McCandlish.) Wiener Landw. Ztg., 57: 347. 1907. 3939. 

(100) Hanne, R. Milch Ztg., 36: 267. 1907. 

(101) Hart, E. B., Bohstedt, G., Deobald, II. J., and Wegner, M. I. Jour. Dairy Sci., 

22: 785-798. 1939. 

(102) Hart, E. B., Steenbock, H., Humphrey, G. C., and Hulce, B. S. Jour. Biol. 

Chem., 62: 316-322. 1924. * 

(103) Hart, E. B., Elvbhjem, C. A., and Waddell, J. Wis. Agr. Expt. Sta. Bui. 388; 

123. 1026. 



646 


E. S. SAVAGE AND C. M. MCCAY 


(104) Hayward, Haert. Pa. Agr. Expt. Sta. Bui. 60. 1902. 

(105) Herman, H. A. Mo. Agr. Expt. Sta. Bui. 377. 1937. 

(106) Hilton, J. H., Wilbur, J. W., and Hienton, T. E. Ind. Agr. Expt. Sta. Bui. 373. 

1933. 

(107) Hilton, J. H., Wilbur, J. W., and Hauge, S. M. Jour. Dairy Sci., 16: 277- 

281. 1932. 

(108) Hittcher. Landwirt. Jahrb. 38: 871-950. 1909. 

(109) Hohlfeld, M. Arch. Kinderheilk., 46: 161-227. 1907. 

(110) Howe, P. E. Amer. Jour, Die. Children, 21: 57-64. 1921. 

(111) Howe, P. E. Jour. Biol. Chem., 49: 115. 1921. 

(112) Huffman, C. P., and Duncan, 0. W. Jour. Dairy Sci., 18: 605-620. 1935. 

(113) Huffman, C. P. Mich. Agr. Expt. Sta. Quart. Bui., 11: 164. 1929. 

(114) Hunziker, O. P., and Caldwell, R. E. Ind. Agr. Expt. Sta. Bui. 193. 1916. 

(115) Idaho Agr. Expt. Sta. Bill. 149. 1927. 

(116) Idaho Agr. Expt. Sta. BuL 160. 1928. 

(117) Idaho Agr. Expt. Sta. Bui. 164. 1929. 

(118) Idaho Agr. Expt. Sta. Bui. 179. 1931. 

(119) Insko, W. M., and Rupel, I. W. Wis. Agr. Expt. Sta. Bui. 405: 50. 1929. 

(120) Johnson, A. H., and Herrington, B. L. Jour. Agr. Res., 35: 167-183. 1927. 

(121) Johnson, P. E. The Role of the Yeast Vitamins in the Nutrition of Ruminants. 

Thesis. Cornell Univ. 1939. 

(122) Johnson, P. E., Loosli, J. K., and Maynard, L. A. Jour. Dairy Sci., 23: 553, 

Abs. of meetings. 1940. 

(123) Jones, I, R., Eckles, C. W., and Palmer, L, 8. Jour. Dairy Sot., 9: 119-139. 

1926. 

(124) Jordan, L. Vet. Jour., 89: 202-215. 1933. 

(125) Kalkus, j. W. Wash. Agr. Expt. Sta. Bui. 156. 1920. 

(126) Karrer, P., and Schubert, P. After Kurt Hess in Die Zellulose. Leipzig. 

1928. 

(127) Kellner, O. The Scientific Peeding of Animals. Trans, from the German by 

Wm. Goodwin. MacMillan Co. 1913. 

(128) Kellner, 0., and Kohler, A. Laiidw. Vers., 53: 398. 1900. 

(129) Kennedy, W. L., Anderson, A. K., Bechdel, S. I., and Shigley, J. P. Jour. 

Dairy Sci., 22: 251-260. 1939. 

(130) King, W. A., Phillips, P., Nesbit, M. E., Rupel, I. W., and Bohstedt, G. Wis. 

Agr. Expt. Sta. Bui. 450, pp, 34-35. 1940. 

(131) Knoop, C. E., Krauss, W. E., and Hayden, C. C. Jour. Dairy Sci., 22: 283- 

289. 1939. 

(132) Knoop, C. E., Krauss, W. E., and Washburn, R. G. Jour. Dairy Sci., 18: 337- 

347. 1935. 

(133) Knott, J. C. Wash, Agr. Expt. Sta. Bui. 208. 1926. 

(134) Krauss, W. E., and Knoop, C, E. Jour. Dairy Sci., 21: 705-711, 1938. 

(135) Krauss, W. E., Monroe, C. P., and Hayden, C. C. Ohio Agr. Expt. Sta. Bimo. 

Bui., 173: 45. 1935. 

(136) Krebs, K, Tierernahrung, 9: 394. 1937, 

(137) Krebs, K. Tierernahrung, IQ: 293. 1938. 

(138) Kruger, J. H., and Bechdel, S. I. Jour. Dairy Sci., 11; 24-34. 1928. 

(139) Lagerlof, N. Skand. Vet. Tidskr., 19: 253-365. 1929. ' 

(140) Lawes, j . B., AND Gilbert, J. H. Philosophical Trans, of Royal Soc. of London, * 

Pt. IIJ 493-680. 1859-1860. 

(141) Lawes, J. B., and Gilbert, J. 'W (Collected reprints from Rothamsted.) 

(142) Lehmann, J. Landw. Vers. Sta., 1: 68-86. 1859. 



647 


THE NtITBITlON OP CALVES; A BEVHTW 


(143) Liebig (calf gruels.) From Kellner, O. The Scientific Feeding of Animals. 

Trans, by W. Goodwin. MacMillan Co., N. Y. 1913. 

(144) Lindsey, J. B., and Archibald, J. G. Mass. Agr. Expt. Sta. Bui. 223. 1925. 

(145) Lindsey, J. B., and Archibald, J. G. Mass. Agr. Expt. Sta. Bui. 247, p. 329. 

1929. 

(146) Lindsey, J. B. Mass. Agr. Expt. Sta. Bui. 164. 1915. 

(147) Little, R. B., and Orcutt, M. L. Jour. Expt. Med., 36: 160-171. 1922. 

(148) Long, J. W., Huffman, C. F., and Duncan, C. W. Milk Plant Monthly, 25: 7; 

30-36. 1936. 

(149) Madsen, L. L., McCay, C. M., and Maynard, L. A. N. Y. (Cornell) Agr. Expt. 

Sta. Mom. 178. 1935 

(150) Malpeaux. (From MoCandlish.) 1907. 1939. 

(151) Marek, J. Die Rachitis. Jena. 1931. 

(152) Martens. Tieriirztl. Rundschau., 33: 2. 1927. 

(153) Mason, K. E., and Hart, G. H. Jour. Nutr., 20: 501. 1940. 

(154) Maswersit. (From McCandliah.) Fuhling^s Landw. Ztg., 47: 918. 1898. 

1939. 

(155) Maynard, L. A., and Norris, L. C. Jour. Dairy Sci., 6: 483-508. 1923. 

(156) Mazinoesco, M. Ann. dc Physiol, et Pfiysiochem. Biol., 10: 1011, 1041, 1059. 

1934. 

(157) McCandlish, A. C. Iowa Agr. Expt. Sta. Bui. 48. 1918. 

(158) McCandlish, A. C. .1 our. Dairy Sci., 6: 347-371. 1923. 

(159) McCandlish, A. C. Jour. Dairy Sci., 6: 312. 1922. 

(160) McCandlish, A. C, Jour. Dairy Sci., 6; 572-87. 1923. 

(161) McCandlish, A, C. West of Scot. Agr. Col. Res. Bui. 7. 1939. 

(162) McCandlish, A. C. douR. Dairy Sci., 6: 500-508. 1923. 

(163) McCandlish, A. C. Iowa Agr. Expt. Sta. Res. Bnl. 51. 1919. 

(164) McCandlish, A. C. Jour. Dairy Sci., 7: 94-106. 1924. 

(165) McCay, C. M. The Nutritional Requirements of Dogs. Ithaca, N. Y. 32 pp. 

1939. 

(166) McCay, C. M. Cornell Vet., 31: 17. 1941. 

(167) McCay, C. M. Cornell Vet., 31; 160. 1941. 

(168) McCay, C. M. Soc. Expt. Biol, and Med. Proc., 27: 209. 1929. 

(169) McCay, C. M,, Ku, S. C., Woodward, J. C., and Sehgal, B. S. Jour. Nutr., 8: 

435. 19S. 

(17^) McCay, C M., and Woodward, J. W. Soc. Exp. Biol, and Med. Proc., 30 : 241. 
1932. 

(171) McCay, C. M., AND Smith, S. E. Science, 91: 388-9. 1940. 

(172) McCay, C. M. Chemical Aspects of Aging in Problems of Aging. Ed. by E. V. 

Cowdry. Williams and Wilkins, Baltimore. 1939, 

(173) McCay, C. M., and Crowell, Mary F. Sci. Monthly, 39: 405-414. 1934. 

(174) McHaroue, j. S. Jour. Agr. Res., 30: 393-6. 1925. 

(175) McMeekan, C. P. Jour. Agr. Sci., 30: 511-69. 1940. 

(176) Mead, S. W., Regan, W. M., and Bartlett, J. W. Jour. Dairy Sci., 7; 440-459. 

1924. 

(177) Mead, S. W., and Goss, H. Jour. Dairy Sci., 18: 163-169. 1935. 

(178) Mead, S. W., and Regan, W. M. Jour. Dairy Sci. 14: 283-294. 1931. 

(179) Meigs, E. B. U. S. Dept. Agr. Yearbook. Washington, D. C. 1939. 

(180) Mitchell, H. H., and McClure, F. J. Bulletin Natl. Res. Council 99. Wash¬ 

ington, D. C. 1937. 

(181) Moore, L. A., and Hallman, E. T. Jour. Dairy Sci., 19: 434. 1936. 

(182) Moore, L. A. Jour. Dairy Sci., 22; 803-812. 1939. 



648 


B. S. SAVAGE AND C. M. MCCAY 


(183) Moerison, H. B., B. S., and Humphrey, G. C. Wis. Agr. Expt. Sta. Bui. 

339, p. 134. 1922. 

(184) Morrison, H. B., Hulce, R. S., and Humphrey, G. C. Wis. Agr. Expt. Sta. Bui. 

362, p. 96-99. 1924. 

(185) Morrison, F. B., and Rupel, I. W. Wis. Agr. Expt. Sta. Bui. 396, p. 37. 1927. 

(186) Morse, F. B. N. H. Agr. Expt. Sta. Bui. 68. 1898. 

(187) Muller, Max. Pflilgcrs Arch. f. die Gesam. Physiol., 112: 245. (After Krebs. 

Tierernahrung,9: 394. 1937. 10:293. 1938.) 

(188) Neal, W. M., and Ahmann, C. F. Jour. Dairy Sci.. 20; 741-753. 1937. 

(189) Nelson, J. B. Mo. Res. Bui. 68. 1924. 

(190) Nevens, W. B. Jour. Dairy Sci., 2; 435-443. 1919. 

(191) Newman, P. E., AND Savage, E. S. Jour. Dairy Sci., 21: 161-167. 1938. 

(192) Norris, L. C. Cornell Agr. Expt. Sta. Mem. 90. 1925. 

(193) Olson, T. M. S. Dak. Agr. Expt. Sta. Bui. 273. 1932. 

(194) Olson, T.M. S. Dak. Agr. Expt. Sta. Bui. 236. 1929. 

(195) Orcutt, M. L., and Howe, P. E. Jour. Expt. Med., 36: 291-308. 1922. 

(196) Otis, D. H. Kans. Agr. Expt. Sta. Bui. 126. 1904. 

(197) Palmer, L. S., Eckles, C. H., and Schutte, D. J. Soc. Expt. Biol, and Med. 

Proc., 26:58. 1928. 

(198) Palmer, L. S. Carotinoids and Related Pigments. 132. N. Y. 1922. 

(199) Petersen. (From McCandlish.) Brounschw. Landw. Ztg., 64: 200. 1939. 

(1896.) 

(200) PiROoCHi. (From McCandlish.) Milan 1st. Agr. Ann., 119. 1939. (1913.) 

(201) Phillips, P. H., Lundquist, M. S., and Boyer, P. D. Jour. Dairy Sci., 24: 

977-982. 1941. 

(202) Pollock. Farmer Mag., 3rd Ser., 6: 329. 1854. 

(203) Pomeroy. Jour. Agr. Sei. 1941. 

(204) Ragsdale, A. C., Elting, E. C., and Brody, 8. Mo. Agr. Expt. Sta. Res. Bui. 96: 

8, 36, 78, 1926. 

(205) Ragsdale, A. C., and Brody, S. Jour. Dairy Sci., 6: 137-44. 1923. 

(206) Ragsdale, A. C. Mo. Agr. Expt. Sta. Bui. 336. 1934. 

(207) Rasmussen, R. A. Vitamin Studies with Lambs. Thesis. Cornell TJniv. 1938. 

(208) Reaumur, R, A. F. Hist, de PAcad. Boy. An., pp. 72 and 395. (Discussed by 

A. Spallanzani in his Dissertations Relative to the Natural History of Animals 
and Vegetables. London. 1784.) 1752. 

(209) Reed, 0. E., Huffman, C. F., and Addington, L. S. Jour. Dairy Sci., 11: 488- 

507. 1928. 

(210) Reichert. (From McCandlish.) Molk. Ztg. 22: 77. 1939, (1908.) 

(211) Robinson, C. S., Huffman, C, F., and Mason, M. F. Jour. Biol. Chem., 84: 257- 

267. 1929. 

(212) Ross, I. C. Australian Vet. Jour., 7: 122-134. 1931. 

(213) Rudzki. After Voit C. Hermann's Hamlich Vol. 6, No. 1 (1881), p. 387. 1876. 

(214) Rupel, I. W. Wis. Agr. Expt. Sta. Bui, 404, 1929. 

(215) Rupel, I. W., and Bohsiedt, G. Wis. Agr. Expt. Sta. Bui. 410, p. 81. 1930. 

(216) Rupel, I. W., Bohbted, G., and Hart, E. B, Wis. Agr. Expt. Sta. Res. Bui. 115. 

1933. 

(217) Rusoff, L. L. Fla. Agr. Expt. Sta. Tech. BuL 356. 1941. 

(218) Rusoff, L. L. Fla. Agr. Expt. Sta. Te<di. Bui. 369. 1941. 

(219) Sampson, J., Bolet, L. E., and Graham, B. Cornell Vet., 28: 53. 1938. 

(220) Sanborn, J. W. Utah Agr. Expt. Sta. Bui. ^1. 1893. 

(221) Sato, M., Ogura, K., and Ikejima*%. Jour. Dairy Sci., 14; 156-172. 1931. 



THE NUTRITION OP CALVES; A REVIEW 649 

(222) Savaoi, E. S., and Tailby, G. W. N. Y. (Cornell) Agr. Expt. Sta. Bui, 269. 

1909. 

(223) Savage, B. 8., and Ceawford, C. H. N. Y. (Cornell) Act. Expt. Sta, Bnl, 622. 

1935. 

(224) Savage, E. 8 ., and Crawford, C. H. (N, Y. (CorneU) Agr. Expt. Sta. Kept. 27. 

1931. 

(226) SCHAUC, A, P,, and Amadon, B. S. N. Dak. Agr. Expt. Sta. Bui. 216. 1928. 

(226) ScHOENiNO, H. W. U. 8. Dept. Agr. Yearbook, p. 418. Washington, D. C. 1939. 

(227) 8CHin:.TZ, 0. Ztschr, £. Ziicht., 16: 123. 1929. 

(228) Schwarz, C. Biochem. Ztsehr., 166: 130. 1925. 

(229) ScOLZ, B. Ticrernfihrung, 1; 502-538. 1930. 

(230) Shaw, R. H., Woodward, T. E., and Norton, R. V. Jour. Agr. Res., 12; 575-78. 

1918. 

(231) Shen, T. Thesis. Cornell Univ. 1939. 

(232) Shepherd, J. B., and Converse, H. T. U. S. Dept. Agr. Yearbook, p. 597. 

Washington, D. C. 1939. 

(233) Shoptow, L. Jour. Dairy Sci., 19: 95-99. 1936, 

(234) Shoptow, L., Espe, D. L., and Cannon, C. Y. Jour. Dairy Sci., 20; 117. 1937. 

(235) Sjollema, B. Vet. Jour., 91; 132. 1935. 

(236) Skinner, J. H., and Kino, F. G. Ind. Agr. Expt. Sta. Bui. 429. 1938. 

(237) Slack, C. M., and Harrison, E. S. Unpublished Material. Cornell Univ. 1942.' 

(238) Smith, T., and Little, R. B. Jour. Expt. Med., 39; 303. 1924. 

(239) VON SOXHLET, Pranz. Erster Bor. Vers. Sta., Wien. p. 101-155. (Prom Armsby, 

H. P., and C. R. Moulton, The Animal as a Converter of Matter and Energy, 
Chemical Catalogue Co., N. Y. 1925.) 

(240) Spali^anzani, A. Dissertations Relative to the Natural History of Animals and 

Vegetables. London. 1784. 

(241) Spitzer, G., AND Carr, R. H. Jour. Dairy Sci., 3; 315-319. 1920. 

(242) Stevens. Experiments Concerning Digestion. Ivavg. Dies. Edinburgh. 1777. 

(243) Stewart, Eluott W. Feeding Animals; A Practical VTork Upon the Laws of 

Animal Growth. Lake View, Erie County, N. Y, 1883. 

(244) Stewart, J., and MoCallum, J. W. Jour. Agr. Sci. 28; Pt. III. p. 428, 1938. 

(245) Swett, W'. W., Eckles, C. H., and Ragsdale, A. C. Mo. Agr. Expt. Sta. Ros. Bui. 

66. 1924. 

(246) Sykes, J. F., and Alpredson, B. V. Soe. Exjit. Biol, and Med. Proc., 43: 575-579. 

1940. 

(247) Theiler, A. Vet. Jour., 90; 143-183. 1934. 

(248) Theiler, A., Green, H. H., and Dutoit, P. J, Jour. Agr, Sci., 17; 291-314. 

1927. Also U. S. Dept. Agr. Jour. Agr. Res. May, 1924. 

(249) Thurston, L. M., Eckles, C. H., and Palmer, L. S. Jour. Dairy Sci., 12; 

394-404. 1929. 

(250) Thurston, L. M., Eckles, C. H., and Palmer, L. S. Jour. Dairy Sci., 9: 

37-49. 1926. 

(251) Tiedemann, F., and Gmelin, L. Rechcrches Experimenteles Physiologiques et 

Ohimigues sur la Digestion. Paris. 1926. 

(252) Trautmann, A., and Schmitt, J. Arch. f. Tierernillir. u. Tierzucht, 9: 1. 1933. 

(253) Tretsven, j. G., and Keyes, E. Mont. Agr. Expt. Sta. Bui. 304. 1936. 

(254) Turk, K, L., and Work, S. H. Jour. Dairy Sci., 16: 33. 1933. 

(255) Turk, K. L. N. Y. Agr. Col. (Cornell) Ext. Bui. 361. Reprinted 1941. 

(256) Turner, W. A., Meigs, E. B., aiJd Converse, H. T. Jour. Biol. Chem. Proc. CIV. 

1936. 



650 


E. S. SAVAGE ANI> C. M. MCCAY 


(257) IJsuEiiLi, F. Arch. f. Landw. Abat. B. Bd. 3. p. 4, C.A. 25: 334. 1930. 

(258) Wallis, G. C, Jour. Dairy Sci., 21: 315-333. 1938. 

(259) Ward, B. E., Bechdel, S. I., and Gukrrant, N. B. Jour. Dairy Sci., 23: 115- 

124. 1940. 

(260) Waters, H. 8. Soc. Prom. Agr. Sci. Proc.. 29: 71-90. 1908. 

(261) Weber, A. D., McCampbell, C. W., Hughes, J. S., and Peterson, W. J. Kana. 

Agr. Expt. Sta. Tech. Bui. 51. 1940. 

(262) Wegner, M. I., Booth, A. N., Bohstedt, G., and Hart, E. B. Jour. Dairy Sci., 

23: 1123-1129. 1940. 

(263) Wegner, M. I., Booth, A. N., Elveiltem, C.. A., and Hart, E. B. Soc. Expt. 

Biol, and Med. Proc., 46: 769-771. 1940. 

(264) Weiske, H. Ztachr. der Landw., 21: 139-154. 1873. 

(265) Welch, H. Mont. Agr. Expt. Sta. Bui. 214. 1928. 

(266) Wellman. (From McCandlish.) Kis6r]et. Kozlcm., 16: 118. 1939. (1913.) 

(267) Wester, J. Vet. Jour., 86: 115, 401. 

(268) Willard, H. S. Jour. Dairy Sci., 21: 153-160. 1938. 

(269) Williams, W, L. Diseases of the Genital Organs of Domestic Animals. Ithaca, 

N. Y. 1921. 

(270) Williams, S., and Bechdel, S. T. Pa. Agr. Expt. Sta. Bui. 266, p. 20. 1931. 

(271) Wilson, J., Patrick, G. E., Curtiss, C. F., and Kent, D. A. Iowa Agr. Expt. 

Sta. Bui. 14, p. 143. 1891. 

(272) Wing, Henry H. N. Y, (Cornell) Agr. Expt. Sta. Bui. 576. 1933. 

(273) Winter, A. B. Ohio Agr. Expt. Sta. Bill. 436, 1929. 

(274) Wise, G. H., and Anderson, G. W. Jour. Dairy Sci., 22: 697. 1939. 

(275) Wise, G. II., Miller, P. O., and Anderson, G. W. Jour. Dairy Sci., 23: 0J»7- 

1011. 1940. 

(276) Wise, G. H., Petersen, W. E., and Gullickson, T. W. Jour. Dairy Sci., 22: 

559-572. 1939. 

(277) Woodward, T. E,, and Lee, J. G. La. Agr. Expt, Sta. Bui. 104. 1908. 

(278) Woodward, E. G. Wash. Agr, Expt. Sat, Bui. 167, 1922. 

(279) Woodward, T. E. Jour. Dairy Sci., 6: 243-4. 1923. 

(280) Zorn, W., and Bichter, K. Ztschr. f. Ziicht., 18: 158. 1930. 



JOURNAL OF DAIRY SCIENCE 


Volume XXV August, 1942 Number 8 


PHOSPHOLIPIDS IN DAIRY PRODUCTS. I. DETERMINATION 
CHOLINE IN MIK FAT^ 
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INTRODUCTION 

Although they are present only as a minor constituent of milk, the 
phospholipids have received considerable attention in dairy chemistry, 
since they are regarded as having a part in the development of certain off- 
flavors in dairy products. The substance trimcthylamine has long been con¬ 
sidered to be formed by the oxidative deterioration of lecithin in butter and 
thus to give rise to a fishy flavor (9). Of further interest is the view that 
the phospholipids may undergo oxidation in sweet cream butter and thus 
cause the development of stale storage, bitter or metallic flavors (1), as well 
as other oxidative defects in other dairy products (4, 20, 24). They are also 
of interest due to their emulsifying, water-binding and other colloidal 
properties (6, 11, 17, 18). 

Data on the quantitative determination of the total phospholipids have 
been based, for the most part, on the microchemical determination of phos¬ 
phorus in extracted milk lipids. In recent years, methods have been de¬ 
veloped for the microchemical determination of choline, which makes up 
one part of the lecithin molecule. It has been the object of the present work 
to apply one of these methods to the estimation of choline in fat extracted 
from dairy products. 

REVIEW OF THE LITERATURE 

The older work on the phospholipids and their structure is reviewed in 
the monograph of McClean and McClean (13); a more recent work is that of 
Thierfelder and Klenk (21). The review of Working and Andrews (26) 
has also recently appeared. For the present work, the facts that lecithin 
gives choline,, fatty acids, glycerol and phosphoric acid on being split, and 
that cephalin gives the same residues, except that ethanolamine is said to 
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appear in place of choline, and that spingom3’'elin is said to give sphingosine, 
choline, a fatty acid and phosphoric acid, are of interest. 

In the extensive literature on the subject of phospholipids in milk and its 
derivatives, it was found that Miiller (15) had reported choline and methyl 
guanidine in milk, and that Tolkachewskaya (25) isolated 0.36 gram of 
choline chloroplatinate from 20 liters of milk. Bischoff (3) obtained 
choline chloroplatinate from phospholipid material, which was prepared 
from extracted milk lipids. Osborne and Wakeman (16) obtained the com¬ 
pound in a similar manner. Diemayer, Bleyer and Ott (7) used the Roman 
(19) method to determine choline in milk phospholipids, which they pre¬ 
pared from lipids extracted from whole milk powder. 

The micromethods for the determination of choline which were of in¬ 
terest in this investigation, were the periodide method of Roman (19), 
and later modifications of this by Erickson and co-workers (8), Beattie’s 
colorimetric method (2), and the method of Thornton and Broome (23) 
which may be of more value in further work. Reineck’s salt was used in this 
investigation for qualitative purposes, except for a few trials with the method 
of Beattie (2), and a trial of the method of Kapfhammer and Bischoff (12) 
with solution of choline chloride. 

In preliminary work it was found that periodide precipitates could be 
obtained from extracted milk fat hydrolyzates. The milk fat was extracted 
by the Mojonnier method. It was then boiled with 5 N sulfuric acid. The 
aqueous and fat phases were separated, and washings were concentrated on 
the water bath to 25 or 50 ml. With such hydrolyzates, precipitates were 
obtained with Roman’s solution and Reineck’s salt. Reproducible results 
were obtained with duplicate samples of milk fat by the Roman method. 
On the basis of these facts, the use of this method for the determination of 
choline in extracted milk fat was investigated. 

lyCPERIMENTAL PROCEDURES 

The procedure for the determination of choline, as used in this investi¬ 
gation, was as follows; a 3 to 5 ml. aliquot of the neutral or slightly acid 
hydrolyzate or solution, containing not more than 1 milligram of choline, 
was placed in a 15 ml. glass-stoppered centrifuge tube. It was treated with 
0.3 ml. of the Roman reagent (157 grams of iodine and 200 grams of potas¬ 
sium iodide in 1 liter of water per ml. of hydrolyzate). The sample was 
centrifuged for 3 minutes at a speed of at least 2500 r.p.m., and preferably 
3,000 or more r.p.m. (lower speeds were not satisfactory). The tubes were 
then placed in ice water for at least 30 minutes. The thorough cooling of the 
tubes before filtering and washing the choline periodide was very important, 
and conditions had to be maintained at near the freezing point for good 
results. After the cooling, the excess precipitating reagent was poured off 
through filter paper on a chilled 16-mm. Buchner or Hirsch funnel. The 
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precipitate was washed rapidly with five or six 2-nil. portions of ice-cold 
water until free from iodine solution. 

The filter paper was returned to the centrifuge tube and the precipitate 
taken up in 3 ml. of chloroform. The chloroform solution of iodine was 
titrated with 0.01 normal sodium thiosulfate solution until the pink iodine 
color disappeared. A drop of starch indicator was also used. 

Since the factor as used by Roman to calculate the weight of choline from 
the titration values obtained with thiosulfate was found by others (22) to 
yield only about 90 per cent of the choline actually present by weight, it was 
desired to derive a factor in order to arrive at a basis for calculating results. 
In each of two different trials, stock solutions of pure choline chloride were 
used. The choline chloride was recrystallized three times from absolute 
alcohol and dried in an Abderhalden drier at 84° C. The weighed bulb con¬ 
taining the salt was sealed immediately on being removed from the drier, 
then weighed to obtain the amount of choline, and finally broken in a beaker 
of water. The water was made up to volume, so that the weight of choline 
chloride per ml. was known. This was the stock solution and contained 
approximately one milligram of choline chloride per ml. To test the Roman 
method, this stock solution was diluted ten times before use. Several de¬ 
terminations were made by the method and enough c.holine was present in all 
trials to give a titration value of from 3.2 to 4.5 ml. of 0.01 N sodium 
thiosulfate. 

The figures in table 1 represent milligrams of choline per milliliter of 
stock solution, as determined by the various methods. 


TABLE 1 

Comparison of the Boman method with variovs other methods for the determination of 
eholine in dUnte choline chloride solutions 


Trial 

Weight of 
choline 
per ml. 

Calculated* 
from total 
nitrogen 
determination 

Calculated t 
from weighed 
chloro¬ 
platinate 

Calculated 
from Roman 
method 

Per cent 
recovery 
by Roman 
method 

1 

2 

0.125 

0.107 

0.1,10 

0,103 

0.128 

0.10(5 

0.122 

0.098 

95.3 

93.3 


* Total nitrogen was determined on the concentrated stock solution by the Kjcldahl 
method. 

t The chloroplatinate was obtained from the concentrated stock solution and deter¬ 
mined according to Thierfelder and Klenk. 

The results obtained on the stoiulard choline solutions by the direct 
weight, total nitrogen and chloroplatinate methods showed good agreement. 
The periodide method gave an average of 94.3 per cent recovery of the 
amount of eholine present, when the factor as recommended by Roman was 
used. 
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Thus the factor, 0.1335 + 0.943 or 0.1415 milligrams of choline was taken 
as equivalent to one milliliter of N/lOO sodium thiosulfate solution, in this 
investigation. 

For example, if a 3.69 gram sample of extracted milk fat required 1.92 
ml. of 0.009 N thiosulfate to titrate the choline periodide from a 1/10 aliquot 
of the hydrolyzate, then, assuming the lecithin to be stearyl-oleyl lecithin, 
and to have a molecular weight of 806, and with choline having a molecular 
weight of 121, 

X 0.1415 X X10 = 0.00245 grams of choline in the sample. 
lUUU U.UlU 

Then, 

0.00245 X X = 0.442 per cent of lecithin in the sample. 

1^1 o.o9 

As carried out at first, the usual procedure for lecithin hydrolysis (14) 
was followed with extracted milk fat. This involved boiling the fat with 5 N 
sulfuric acid for 15 hours and subsequent removal of the acid as barium sul¬ 
fate. It was desired to simplify these conditions as much as possible, in 
order to shorten the time for a determination. 

An egg phospholipid preparation was made up according to the pro¬ 
cedure of Bull and Frampton (5). This material had the following 
analysis: 3.61 per cent phosphorus, 1.73 per cent nitrogen, 10.5 per cent 
choline (Roman method); iodine number 68.5. This was dissolved in 
chloroform to give a solution containing 4.2 grams of the preparation per 
100 ml. This was stored in the refrigerator in the dark. Sweet cream was 
then churned and the butter melted to obtain a butter oil. To 958 grams 
of the oil were added 100 ml. of the chloroform-phospholipid solution. The 
CHCI 3 was removed in a Claissen flask at 60 to 70° C. in a stream of nitrogen. 
The Mojonnier test showed 99.5 per cent of fat to be present. The mixture 
was then analyzed for phosphorus (10) and choline. The results are shown 
in table 2. 


TABLE 2 

Analysis of hutter oil-phospholipid mixture for choline 


Pat 

Sample 

grams 

Aliquot of 
hydrolyzate 

Ml. of 
0.0090 N 
thiosulfate 

Mgm. 

choline 

present 

Per cent 
choline 
in fat 

Per cent 
lecithin 
in fat 

Mixture . 

10.0 

3/26 

4.71 



0.33 

Mixture. 

10,0 

3/25 

5.00 

5.30 



Butter oil ... 

20.0 

3/26 

0.15 




Butter oil. 

20.0 

3/25 

0.16 

0.18 

0.0010 



The amount of choline in the fa|as calculated, was 0.046 per cent. The 
results for phosphorus showed that 0.0158 per cent phosphorus was added 
to the butter oil and that in two trials 0.0159 and 0.0150 per cent were recov- 
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ered. This corresponded to 0.41, 0.41 and 0.39 per cent phospholipids 
respectively, in the oil. Blank determinations on the oil showed 0.005 per 
cent phospholipids. 

The experiment was repeated with 497 frrams of butter oil and 50 ml. 
of the chloroform-phospholipid mixture. The amount of phosphorus found 
averaged 0.0153 per cent; by calculation, 0.0153 per cent. This mix¬ 
ture was then subjected to hydrolysis with hydrochloric acid for various 
lengths of time. The amount of fat mixture used was 10.0 grams and 25 ml. 
of each strength acid were used. After the hydrolysis, the hydrolyzate was 
filtered off, the fat washed, the excess acid neutralized, and the hydrolyzate 
and washings evaporated to less than 50 ml. in the water bath. The 
hydrolyzate was then cooled, made to volume and tested for choline, as shown 
in table 3. 

TABLE 3 


Effect of variation in hydrolysis conditions on the analysis for choline 


strength of 
HOI used 

Time of 
hydrolysis in 
hours 

Aliquot of hydro* 
lyzatc used 

Ml. of 0.0134 N 
thiosulfate 

Mgm. choline 
found 

5N 

3 

6/50 

2.46 

3.8 

5N 

10 

6/50 

2.60 

4.1 

5N 

18 

6/50 

2.55 

4.1 

IN 

3 

6/50 

2.68 

4.3 

IN 

10 

6/50 

2.75 

4.4 

IN 

18 

6/50 

2.60 

4.1 

N/2 

3 

6/50 

2.70 

4.1 

N/2 

10 

6/50 

2.77 

4.4 

N/2 

18 

6/50 

2.64 

4.2 


The blank was 0.17 mgin. and the amount of choline added was 4.45 
milligrams for 10 grams of fat. When weighed out, the fat contained 1.7 
per cent of solvent. Thus, recoveries of 84 to 95 per cent were obtained, 
the average being 91 per cent. A recovery experiment was also made using 
lecithin prepared by the cadmium chloride precijiitation method, with 
similar results. 

The recovery of choline added as choline chloride to butter oil, with 
subsequent carrying through of the hydrolysis procedure was then under¬ 
taken. 

A number of other trials were made using different stock solutions. The 
general average was 96 per cent recovery of choline. It w^as noted however, 
that it is necessary to have thorough cooling of the periodide precipitate or 
the losses become greater than 5 per cent. It was also noted that the amount 
of choline present should not give a titration value greater than 8 ml. of 0.01 
N thiosulfate (22), otherwise too high results may be found. 

In another set of trials, recovery of choline from mixed, slightly acid 
hydrolyzates from extracted milk fat was carried out to see whether or not 
there was any substance present which would interfere with the results. 
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In the first trial, 3 ml. of the hyclrolyzate plus 3 ml. of standard choline re¬ 
quired 3.88 ml. of thiosulfate. Three ml. of the hydrolyzate had originally 
required 1.99 ml. thiosulfate and 3 ml. of the standard choline solution re¬ 
quired 1.99 ml. of thiosulfate. This showed a recovery of 97 per cent. In 
the second trial, 5 ml. hydrolyzate required 2.51 ml. thiosulfate; 5 ml. 
standard choline required 2.94 ml. of thiosulfate, and 5 ml. hydrolyzate plus 
5 ml. choline required 5.55 ml. thiosulfate. This recovery was then 102 
per cent. It was concluded that there was no interference with choline 
periodide precipitation in these instances. It is to be noted, however, that 
a clear solution must be had for the best results. 

The extent to which duplicates agree in the proposed method of analysis 
for lecithin in extracted milk fat is shown by the following data for samples 
of milk, the fat for hydrolysis being obtained by the Mojonnier extraction 
method. The blank was taken as 0.05 mg. choline. The blanks found with 
butter oil hydrolyzates were from 0.05 to 0.20 ml. of 0.01 N thiosulfate. 


TABLE 4 

Determinations of choline and lecithin in fat from samples of whole milk 


Sample 

cow 

Fat tegt 
per cent 

Grams fat 
hydrolyzed 

Ml. 0.0102 N 
thiosulphate 
for 1/5 aliquot 

Mgm. 
chloline 
in sample 

Per cent 
h‘eithin 
in fat 

58 A 

a.74 

4.24 

1.90 

1.36 

0.21 

58 A 

3.74 

4.24 

1.75 

1.27 

0.19 

58 A 

3.74 

4.20 

1.88 

1.36 

0.21 

58 A 

3.74 

4.20 

1.93 

1.40 

0.21 

450 

5.07 

4.12 

1.94 

1..52 

0.24 

450 

5.07 

4.12 

1.96 

1.42 

0.22 

450 

5.07 

4.16 

2.10 

1.52 

0.24 

450 

5.07 

4.16 1 

2.15 

1.56 

0.24 


Usually a 3 to 5 gram sample of extracted fat gave satisfactory results 
when boiled with 20 to 30 ml. of normal or half-normal HCl, with subsequent 
concentration of the hydrolyzate and washings to 25 ml. 

DISCUSSION OP RESULTS 

A number of experiments were made to determine the consistency of 
results obtained when extracted butterfat was subjected to relatively mild 
acid hydrolysis and the choline determined in the neutral or slightly acid 
hydrolyzate by a method which was modified slightly from that of Roman. 
The values obtained were consistent under the proper conditions, although 
the choline periodide is unstable at temperatures much above the freezing 
point. It was further found that in agreement with other work (22, 23), 
the factor which was recommended by Roman does not account for all the 
choline present in aqueous solutioi^. A corrected factor was used. 

Tests made with hydrolysis procedure showed that aqueous normal 
hydrochloric acid was suitable as a hydrolysing agent for the splitting of 
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the choline from the lecithin in the extracted fat. A three to five gram 
sample, or more, of fat was used. 

Choline, which was added as freshly prepared egg phospholipids to 
butter oil which was low in phospholipids, was recovered to the extent of 91 
per cent by the proctedure. The recovery of choline added as the chloride to 
butter oil, and to hydrolyzates from extracted milk fat averaged 96 per cent. 

SUMMARY 

A modified Homan micromcthod has been found applicable to the analy¬ 
sis of extracted milk fat for choline. A method for the determination of 
choline-bearing phospholipids in dairy products was thus found. 
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A NEW COLORIMETRIC METHOD FOR THE DETERMINATION OP 
FREE FATTY ACIDS IN MILK PAT 

VLADIMIR N. KBUKOVSKY and GEORGES KNAYSI 
Department of Dairy Induatry^ New YorTc- State College of Agriculture^ 

Cornell University, Ithaca, JV. Y. 

It has been recently shown (3) that the free bases of a number of com¬ 
mon basic dyes may have different colors from their salts, and that they are 
soluble in neutral fat, xylol and alcohol, but slij^htly soluble or insoluble in 
water. It was also shown that the hydrolysis of neutral fat can be demon¬ 
strated by dissolyinj? a suitable dye base in the neutral fat and observing?-for 
the shift in the color of the solution toward that of the salt. It has also been 
shown (4) that the dej^^ree of development of color of the soap is directly 
related to the concentration of the free fatty acids, and that fact formed 
the basis of a quick test of the quality of butter. In the present paper, we 
are concerned with the application of the above principle in a pjeneral pro¬ 
cedure for the determination of free fatty acids in milk fat, a procedure 
which, obviously, can also be used for the same purpose in the study of fat 
in other dairy products. 

PKOCEDURE 

The sample of milk fat was prepared from milk by the method of Her¬ 
rington and Krukovsky (1) and the concentration of fatty acids was deter¬ 
mined both by titration with 0.05 N NaOH (Herrington and Krukovsky 
(1)) and by the present procedure w^hich is similar to that used by Knaysi 
and Guthrie (4) modified to fit the requirement of exact analytical work. 

One ml. of the sample of milk fat was measured into a test tube which 
had been painstakingly cleaned with dichromate cleaning mixture, liberally 
rinsed with running and distilled water and allowed to dry in the oven. 
To this ml. of milk fat 3 ml. of a saturated solution of neutral red base in 
chemically pure xylol were added and the tube was gently shaken to pro¬ 
mote dissolving of the fat. The color of the solution is then compared to 
that of standards containing known quantities of oleic acid in test tubes of 
approximately the same diameter. That can be done immediately or at one's 
leisure, for when the tube containing the milk fat is tightly stoppered with 
a cork lined with a piece of tin foil, no change in its color is detected even 
after standing for 2 days. Corks that have been exposed to acid or alkaline 
fumes and vapors should never be used in this work. 

The standards are prepared as follows: 0.5647 gm. of pure oleic acid is 
weighed in a 50 ml. volumetric flask, and the flask is filled to the mark with 
chemically pure xylol; 1 ml. of this solution is also diluted with xylol to 
10 ml. That gives, respectively, a 0.04 and a 0.004 normal oleic acid in 
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xylol. Now ten test tubes cleaned and dried as mentioned above, and of the 
same internal diameter, are labelled 0, 1, 2, 3, 5, 7, 10, 12, 15, 20. To each 
test tube is added oleic acid solution, pure xylol and saturated neutral red 
base solution in xylol in the quantities indicated in table 1. It is obvious 

TABLE 1 

l*reparation of the standards 


No. of 
standard 

Ml. of oleic acid 

Ml. of 
xylol 

Ml. of satur. 
dye base sol. 

Normality of 
oleic acid 

0.04 N 1 

0.004 N 1 

0 

0.00 

0.00 

1.00 

3.0 

0.0000 

1 

0.10 

0.00 

0.90 

3.0 

0.0001 

, 2 

0.20 

0.00 

0.80 

3.0 

0.0002 

3 

0.30 

0.00 

0.70 

3.0 

0.0003 

5 

0.50 

0.00 

0.50 

3.0 

0.0005 

7 

0.70 

0.00 

0.30 

3.0 

0.0007 

10 

1.00 

0.00 

0.00 

3.0 

0.0010 

12 

0.00 

0,12 

0.88 

3.0 

0.0012 

15 

0.00 

0.15 

0.85 

3.0 

0.0015 

20 

0.00 

0.20 

0.80 

3.0 

0.0020 


that when the standards are thus prepared and labelled, the number of the 
standard gives the normality of oleic acid multiplied by 10"^. The standard 
containing no oleic acid is orange yellow with a green fluorescence, while 
the other standards have a reddish tinge in proportion to their oleic acid 
content. They are stable and can be kept for weeks when tightly stoppered 
with corks free from acid or alkali vapors and lined with tin foil. When not 
in use, the standards should be kept in a cool, dark })lace. The above series 
is considered ade(|uate for it is possible to estimate shades intermediate 
between those of two consecutive standards. 

DATA AND DISCUSSION 

A comparison between the results of titrations by the procedure of Iler- 
rington and Krukovsky (1), expressed as normality of fatty acids, and those 
determined by the present: method are given in table 2 and show close agree¬ 
ment. The 18 samples of milk fat originated from six different lots of milk. 
Bach lot was divided into 3 portions, the first portion was pasteurized im¬ 
mediately and the two others cooled at different rates. The data, therefore, 
confirm the finding of Herrington and Krukovsky (2) that a slow rate of 
cooling of the raw milk promotes lipolysis. 

In view of the very low concentration of free fatty acids in normal milk, 
and the fact that only 1 ml. of the milk fat is required, it may be concluded 
that the method we are presenting is of very high sensitivity. Differences 
in the carotenoid content of various milk, in the dilution used and in the 
presence of the base of neutral redeem to have no noticeable effect on the 
accuracy of the method, and the color, which is due to intramolecular rear¬ 
rangement of the base upon salt formation, is independent of the nature of 



DETERMINATION OF FREE PATTY ACIDS IN MILK FAT 


661 


TABLE 2 

The free fatty acid content of milk fat 


Sample 

No. 

Normality of free fatty acids 

Bemarks 

Dye base method 

Titration with 
NaOH 

1 

0.0005 

0.0005 

Immediately pastour. Control 

8 

0.0026 


Cooled ill can* 

9 

0.0008 

0.0009 

Cooled over surface cooler 

2 

0.0007 

0.0008 

Immediattdy pasteur. Control 

10 

0.0010 

0.0012 

Cooled in can 

11 

0.0007 

0.0008 

Cooled over surface cooler 

3 

0.0006 

0.0006 

Immediately pasteur. Control 

12 

0.0019 

0.0019 

Cooled in can 

13 

0.0008 

0.0010 

Cooled over surface cooler 

4 

0 

0 

0 

0.0005 

Immediately pasteur. Control 

14 

0.0011 

0.0013 

Cooled in can 

15 

0.0006 

0.0007 

('looled over surface cooler 

5 

0.000,5 

0.000.5 

Immediately pasteur. Control 

16 


0.0019 

Cooled in can 

17 

0.0008 

0.0009 

Colled over surface cooler 

6 

0.0006 

0.0006 

Immediately pasteur. Control 

18 

0.0011 

0.001.3 

Cooled in can 

19 

0.0007 

0.0008 

Cooled over surface cooler 


* 40 qt, can. 


the fatty acid and is the same for the same normal concentration of the vari¬ 
ous soaps formed. 

SUMMARY 

A simple and quick colorimetric method for the determination of free 
fatty acids in milk fat is described. The method consists in dissolving 1 ml. 
of the milk fat in 3 ml. of a saturated solution of the base of neutral red in 
xylol and comparing with a set of standards of known oleic acid contents. 
The method is shown to be highly sensitive and accurate. In neutral fat and 
in xylol the dye base gives an orange yellow solution. Free fatty acids form 
red soaps with the dye base and the degree of shift to the red is proportional 
to the concentration of soap and, therefore, of the free fatty acids. Equal 
normal concentrations of various fatty acids produce an equal shift in the 
color. 
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A METHOD FOR SURFACE AREA MEASUREMENT OP 
MILK BOTTLES* 


W. D. EATEN AND P. 8. LUCAS 
Departments of Mathematics and Dairy Hvshandry, 

Michigan State College, East Lansing 

The problem of the horticulturist in calculating the leaf surface of a fruit 
tree for measurement of the spray covering is similar to that of the milk 
plant manager or experimentalist who wishes to determine the amount of 
water and washing powder required to wash milk bottles of varying sizes. 
Many factors complicate his problem, chief of which is the fact that usually 
three sizes of bottles are washed, the total number varying each day, as well 
as the distribution of sizes. This serves to make any calculation of washing 
powder only approximate. Other factors, also confusing, are shape of the 
bottle and thickness of its walls. 

Displacement calculations may be utilized as a simple method for de¬ 
termination of the volume of glass in a bottle but they are valueless as a 
measure of the surface area, due to irregularity in shape. Since both the 
inside and outside areas of the bottle must be washed it is necessary that 
both be measured. From these values may be obtained a ratio from which 
the areas of pint and half-pint bottles may be converted into quart-equiva¬ 
lent area. It would seem logical to calculate amounts of water and washing 
powder required in washing bottles in terms of the amounts required to wash 
a quart bottle. In the discussion which follows, the surface areas of three 
standard size milk bottles have been calculated and the method of calculation 
given. 

The approximate area of the outer and inner surface of a milk bottle can 
be found by dividing the bottle into small sections as is shown in fig. 1. Each 
of the sections is a frustum of a cone whose surface area is: 

Area = 2s[(Di ^ D 2 ) 4 (di4d2)], 

where s is the slant height, Di and Dg are respectively the upper and lower 
diameters and di and dg are respectively the upper and lower inside diam¬ 
eters. In figure 1 (a) is shown one of these sections in detail; this is sec¬ 
tion SRUT which is located on the neck of the bottle and is similar to the 
other sections. The various diameters Di, Dg, di and dg together with the 
slant heights are shown. The sum of the outer and inner surface areas of 
this small section is: 

Area=|(RT) [ (HS + TU) + (R'S' + T'U') ] 

Boceived for publication April 6, 1942. 

* Journal article No. 580 (N.S.) of the Michigan Agricultural Experiment Station. 
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The sections were taken so that the slant height fell along a straight edge. 
The slant height of the above section is RT and it is a straight line. Where 
the curvature of the surface of the bottle was large, heights of the sections 
were small, some of them being as small as ]/32 inch. At places where the 
curvature was large there were several sections. Section KMBA was the 
largest, for on this part of the bottle the lines MB and KA were straight 
lines. There were eleven sections between KM and TIT, four at the bottom 
of the bottle and six at the top. It was possible to divide the bottle into 
frustums of cones by making the sections small enough. 

The diameters RS, KA, CD, etc., were measured with a caliper which 
read to hundredths of an inch. After the bottle was broken in several 
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places thicknesses of the glass were measured. The inside diameters were 
obtained by subtracting twice the thickness of the glass from the correspond¬ 
ing outside diameters. The thickness of the glass varied for different parts 
of the bottle. The neck consisted of thicker glass than the body of the 
bottle, the glass at the top being the thickest. The bottom of the bottle on 
the inside was shaped like a cone. Its area was found by using the formula 
for the surface area of a cone. The part of the bottom which rested on a 
flat surface was a circle. The very top of the bottle was a ring as is shown 
in figure 1(b). The area of this ring was found by subtracting the area of 
the inner circle from the area of the outer circle. The following table con¬ 
tains the surface areas of a quart, a pint, and a half-pint milk bottle. 

The ratio of the surface area of the pint and the surface area of the 
quart is 0.62; the ratio of the area* of the half-pint and the area of the pint 
is 0,66. The ratio of the area of the half-pint and the area of the quart is 
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Surface area of milk bottles {sq. in.) 


Surface 

Quart 

Pint 

Half-pint 

Outside 

106.58 

65.64 

43.52 

Inside 

93.82 

58.24 

38.81 

Outer and inner surfaces 

200.40 

12.3.88 

82.33 


0.41. Small errors may have been made in measuring: the various parts of 
the bottles. The above fij?ures can be taken as very close approximate values 
of the surface areas of these three milk containers. 

The surface area of a quart bottle of the design used in these calculations 
is 1.62 times jrreater than that of a pint bottle and 2.43 times j^reater than 
that of a half-pint bottle. To convert pints and half-pints to their quart 
equivalents merely multiply the numbers by their respective ratio. Thus, 
if 1000 quarts, 200 pints, and 800 half-pints were to be washed, the quart 
equivalent would amount to 1000, plus 200x0.62, plus 800x0.41, or an 
equivalent of 1452 quarts. 
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Testing Committee Report 

A. Maintaining Qualified Tester Personnel. A. J. Cramer, Univ. Wis., 
Madison, Wis. 

‘‘Greater Production for Defense and Victory,depends on maintaining 
qualified Supervisor Personnel. 

A. Locating and training Prospective Supervisors. 

1. Streamlined Supervisor Courses. 

A five-week supervisor or fieldman’s training course is given each year in 
February and March to boys attending the Short Course at the Wis. College 
of Agriculture. In addition to other classes, a two-hour-a-day class was 
taught by the staff of the Dairy Records Office. Studies on Dairy Cattle 
Breeding, the application of records and the duties of fieldmen were em¬ 
phasized. The course involves the testing of milk, balancing of grain ra¬ 
tions, the filling out of monthly reports and other forms. Records for a 
barn book and a sample members herd record book are kept by the students 
on a herd of a member for one complete years work. Instructions are 
given on services a member should receive, methods of organizing and 
maintaining a Standard Dairy Herd Improvement Association. 

Many of our Smith Hughes High School Agricultural teachers are 
offering courses to students as preliminary training for a supervisors job. 

One- or two-day training courses, under the supervision of the Dairy 
Records Office, have been offered to prospective fieldmen at High Schools 
throughout the state. 

Our standard D.H.I.A. fieldmen have trained applicants by allowing 
these men to do the Supervisors work on a number of farms which work is 
supervised by the regular fieldman. This method has proved most satis¬ 
factory when the better trained supervisors give the instructions. 

We were only fairly successful in locating prospective supervisors by 
placing a “Help Wanted’’ ad in a State Farm Paper, which read: “Dairy 
Fieldman for Testing Associations—^High School Agricultural Cours^i or 
Short Course graduates preferred.” County Agents have been fairly suc¬ 
cessful in locating boys on farms within the county, through advertising 
in local papers. 

B. Deferment of Supervisors. 

Our County Agents, D.H.I.A. Members and Members of the Dairy 
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Record Office have been fairly successful in retaining Supervisors by 
writing letters to the local draft boards, explaining the importance of de¬ 
ferring the Supervisors. In many instances the draft boards have deferred 
the men for a third time. 

C. Maintaining Equipment of Supervisors. 

1. Cars and Tires. 

A letter was mailed to all County Agents and D.H.I.A. fieldmen, the 
contents of which was taken from a letter written by J. P. Kendrick, Chief, 
Division of Dairy Herd Improvement Investigations, Bureau of Dairy 
Industry. Here it is: ‘‘D.H.I.A. Supervisors may obtain recaps under the 
rating B-A~3. This rating includes passenger cars used principally for 
providing transportation to technicians, essential to the war effort in the 
field of Agriculture.’' The D.H.I.A. program is regarded as essential to 
the More Milk Program. 

One of our fieldmen obtained a new car soon after the rationing board 
received the request. Some boards refused to grant recapped tires to field- 
men, because the board had not received the priority rating literature. 
Their cases are pending. 

2. Glassware and Acid. 

Sulphuric Acid and Glassware have been obtained so far, since the 
Office of Production Management submitted the following information 
Preference Rating Order No. P-62, which deals with materials for the 
production of laboratory equipment and reagent chemicals. This order 
should make available without special preference ratings, all the reagent 
sulphuric acid that might be needed for milk testing. 

D. Results. 

So far we have been able to maintain a large number of our Associations 
with Supervisors by advertising for help wanted and by giving courses 
helpful toward the training of new men. Some draft boards have been 
lenient with our supervisors by deferring them. 

Our fieldmen have been fairly successful in getting equipment as glass¬ 
ware and acid and also in obtaining used and recapped tires. 

B, Supervisory Problems. H. E. Loa^land, Univ. Vt., Burlington, Vt. 

The war situation is making it necessary to adjust D.H.I. association 
work so it will reach the largest number of producing cows with a shortage of 
testers, and testers with limited training, experience, and qualifications for 
the job. These conditions make it necessary for the membership to realize 
the need of adjustments and to be willing to cooperate in the use of methods 
which are new and often not popular. To secure these adjustments without 
loss of members, and with minimufi loss of accuracy requires: 

(1) that associations be locally organized with active management by 
directors, and 
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(2) that membership be kept informed through letters and occasional 
meetings. 

Probably most associations in the country are so organized, but often the 
officers do not feel their responsibility^ Monthly letters from the state 
office, annual reports, occasional letters for special information, annual 
meetings, conferences of groups of officers, are methods which may be used. 

The high value of D.H.I. association testing for promoting the increased 
production goals set by the TI. S. Department of Agriculture requires the 
coordination and cooperation of different associations in a territory to keep 
the records coming. It is better to have accei>table records from all herds 
than good records from a few herds, and none from the balance. Thus, the 
supervision should include furnishing information on how goals are being 
reached, methods of reaching same, the necessity of continuing records, and 
how associations can cooperate with eaeli other. 

The above statement does not mean that we should let down on the aim of 
high standards and we should educate the testers and help in selection of 
testers to do the best job possible. When these standards cannot be fully 
maintained, we should aim for as many records as possible on an acceptable 
basis for publicity and proving of sires. 

The extension of a testing program to other dairymen should be on 
basis of publicity of sources of D.H.I. association tested herd sires, methods 
of herd management successfully used by D.H.I. association members, and 
adoption of other forms of keeping records which will give those xinable to 
join a D.H.I. association some kind of private records for use in herd 
improvement. 

C. Emergency Adjustment in D.H.I.A. Procedure. C. R. Gearhart, 
Pennsylvania State College, State College, Pa. 

War conditions make it necessary to make adjustments in our D.H.I.A. 
procedure. Problems confronting Supervisors are numerous, including: 
How to keep the I).H.I.A. program up to standard with a shortage of 
testers, tires, gas, paper, and proper supervision. 

This paper shall attempt to outline Emergency Adjustments made by 
the various states up to April 1, 1942, and to list suggestions for further 
adjustments. 

Special attention will be given to: 

1. Cooperative Grouping of 

Under this system a number of associations agree to exchange testers, 
temporarily, in order that no member shall lose more than one month's 
testing at a time. With 8 associations in the group it would mean in a case 
of a shortage of testers, all members may miss one or two month's testing 
during the year, but none will lose out entirely. 

2. Multiple Testing, 
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a. Doubling herds. 

The regular method of doubling herds as mentioned in the Tester’s 
manual. 

b. Doubling testers or Tester and Assistant. 

This will include two testers using one car to save tires, or a regular 
tester taking an assistant with him, in some cases it may be his wife. The 
assistant will be dropped at one farm while the regular tester goes to the next 
farm, the two getting together to do the testing and record work. This 
gives the regular tester an opportunity to supervise the work of his assistant. 

3. Laboratory Testing [disinterested sampler). 

Under “Laboratory Testing” is the method of having samples taken by 
disinterested samplers and brought in to a regular tester, or to a central 
laboratory for testing. These samplers may be a group of regular testers, 
or they may be 4-H club members, Vo~Ag students, or local dairymen who 
take samples on other than their own herds. 

4. Bi-Monthly testing is the regular method as outlined in the Tester’s 

Manual. 

Due to unforseen circumstances, it will undoubtedly be necessary to 
make additional adjustments from time to time. 

D. Current Developments Affecting D.H.I.A. Work* Joseph B. 

Parker, Senior Extension Dairyman, U.S.D.A. 

The major problem facing the D.H.I.A. program has been that of locating 
and training a sulBcient number of replacement testers. Not only has there 
been no decrease in interest on the part of dairymen for the testing work, but 
a considerable number of new associations would have been organized if 
testers had been available. 

Local selective service boards have been very cooperative in most cases 
and many testers have been deferred. In spite of this, a considerable num¬ 
ber of testers either have volunteered for the armed services or have taken 
better paying jobs in defense plants. The turnover in the tester personnel 
has been terrific. The alternatives facing the state dairy specialists have 
been women testers, men over service age or with some physical handicap 
that would make them ineligible for military duty, boys of 18 or 19 years 
of age, and bi-monthly testing. All of these methods are being tested in 
various associations at the present time. 

Another problem facing the work has been tires for testers. This has 
caused considerable uncertainty on the part of testers whose tires were 
getting smooth. A number of tire-rationing boards have now certified 
testers for tire recapping so that this picture is a little brighter. 

The next problem to be faced J?y the testers will be under the gasoline 
rationing program. So far no reports have been received from the rationing 
states that testers have been unable to obtain “X’’’ cards. If gas rationing 
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is extended to the whole country after July 1, as reports now indicate, an 
attempt will be made to obtain a ruling on the eligibility of testers for the 
required amounts of gas to cover their regular travel. 

Sire Committee Report 

B. Present-day Techniques of Artificial Insemination. Qeoroe W. 

Trimberger, Univ. Nebr., Lincoln, Nebr. 

Information for this discussion on present-day techniques of artificial 
insemination was obtained from questionnaires sent to 64 artificial breeding 
associations located in 17 states. There was quite a variation in the essential 
techniques followed, but a study of the reports at hand indicated that the 
best results are obtained by using the technique described below. This is 
confirmed by experiments with artificial insemination at the University of 
Nebraska dating from 1936 to the present. 

The hot water used in the artificial vagina ranges in temperature from 
110 to 140° P., depending upon the individuality of the bull and the season 
of the year. Increasing the temperature and pressure in the artificial 
vagina and inserting the penis into the vagina immediately when the bull 
starts mounting have been found helpful if a bull fails to ejaculate. The 
frequency of use for the bulls is an important factor for successful operation 
of a breeding association and may have an influence on the breeding record 
as well as on the time of successful storage for the semen from a bull. Two 
ejaculations taken every third or fourth day with an occasional rest from 
sexual activity usually produces best results. 

Data from the breeding associations in different states indicate little 
variation in the procedure followed for diluting and storing semen. Two 
diluters are extensively used wdth about equally good results. One of these, 
known as Phillips or Wisconsin Egg Yolk Phosphate Buffer, is described in 
the Journal of Biological Chemistry^ 130: 145, 1939; and the other, which is 
a yolk citrate buffer containing equal parts of fresh egg yolk and a M/15 
solution of sodium citrate, was suggested by Salisbury, Fuller, and Willett 
in the Journal of Dairy Science, 24: 905, 1941. It is important that this 
egg yolk diluter be prepared as needed from fresh eggs. The eggs used in 
the diluter should be refrigerated soon after they are laid because if this is 
not done, it is believed, certain changes take place in the eggs within a few 
hours and these changes may be detrimental to the sperm cell. The di¬ 
luter is added to the semen as soon after it is taken as is possible but not 
until both are of the same temperature. The ratio of dilution often is 1 
part of semen to 3 parts diluter but other dilutions are used. If any diluter 
is used to rinse the vagina at the time of collection, it should be the same as is 
later used for dilution of the semen. There is a general agreement that 
semen should be cooled gradually but that no definite procedure is necessary 
to warm it before use. Various means are used to cool the samples gradu- 
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ally. Some technicians use double-walled test tubes; others wrap the tubes 
in flannel or other material; and still others prefer placing the sample tube 
in a jar of water large enough so that cooling takes place at the rate of 1*^ P. 
per minute when the sample is placed in the refrigerator. About 40® P. is 
the common storage temperature. 

The preferred method for inseminating females is to use a surgical 
rubber glove and sleeve and hold the cervix through the intestinal wall so 
that the inseminating tube can be guided through it in the majority of 
cases. The use of a speculum often does not permit the inseminating tube 
to be inserted through the cervix. Experiments at Nebraska have indicated 
that it is best to breed in the middle or toward the end of estrus, although 
good results are obtained from services as late as six hours after the end of 
estrus, but beyond this point poor results are obtained. About 1 to 1.5 cc. 
of the diluted semen is usually considered a sulRcient quantity for each 
insemination. When a 3 to 1 dilution is used, the females actually receive 
.25 to A cc. of semen. At the present time, many arlifical breeding associ¬ 
ations successfully use semen (with 50 per cent or more conceptions) that 
has been stored for a time interval up to 72 hours. Several subsidiary 
breeding associations in New York do not receive any semen that has been 
in storage less than 24 hours. 

The keeping of proper records so that the breeding history of each service 
bull and female can be properly studied is important. If a bull drops 
below 50 per cent conceptions in the females to which he is bred, he should 
be withdrawn from service or used only to a limited extent. The semen 
from some bulls can be successfully stored for a much longer time than that 
from others, and the records should reveal this so that the samples can be 
used accordingly. It is recommended that the females be eartagged for easy 
and proper identification. When a female has had three services without 
conception, it is not advisable to breed her again until she has been given a 
thorough examination and the trouble diagnosed. 

If the percentage of conception is not satisfactory, some change should 
be made to rectify the condition. Lack of sanitation and improper sterili¬ 
zation of instruments have been found to result in poor breeding records in 
severi^l associations. Bulls with a high breeding efiSciency can be selected 
for service, and sometimes the use of younger bulls can be justified on this 
basis. Storage conditions of the semen and the inseminating technique can 
often be improved. The health and general condition of the herds should be 
carefully observed. Cows in herds with Bang’s disease have often been 
found very difficult to settle. An attempt should be made to increase the 
dair 3 mien’s knowledge of the phases of reproduction. Dairymen should 
understand, too, that a small percentage of females are non-breeders and 
have to be sold as sterile. FurtherSiore, a considerable number of females 
requires several services for conception. Any figure over fO per cent of 
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conception in the females bred or a requirement of less than 2 services per 
conception can be considered a satisfactory breedinj? record. 

C. Storing, Packaging and Shipping Semen. G. W. Salisbury, Dept. 

Animal Husbandry, Cornell Univ., Ithaca, N. Y. 

Eighteen of the twenty-two artificial breeding cooperatives in New 
York are member units of one large organization, the Central New York 
Artificial Breeders’ Cooperative. The bulls which supply semen to the 
member units are all housed near Syracuse, and from that point the semen 
is shipped to the local inseminators of each member unit. In some cases 
the semen is shipped 200 miles or more, and the ejaculate collected on one 
morning may not reach its destination until the next day. 

Semen, as handled when artificial insemination was first used in New 
York, could not be depended upon to maintain its fertility for more than 
twenty-four hours after collection. Todaj^ as a routine practice the semen 
is not only shipped many miles, but is often used for at least four days after 
collection and occasionally much longer. This change has been brought 
about by many factors, among which may be mentioned the use of ap¬ 
propriate diluters, proper cooling of the semen, development of satisfactory 
shipping containers so as to control the temperature of semen in transit, 
and development of time-saving devices which enable the operator of the 
laboratory to rai)idly control to a large extent the (juality of the semen which 
is shipped. 

The paper which is to be presented will briefly set forth the results of 
four years of intensive research on certain of these problems. The applica¬ 
tion of the research findings to the solving of practical problems which arise 
when the semen must be assayed as to quality, properly prepared for storage, 
satisfactorily packaged and shipped to a relatively distant point before use, 
will be discussed. 


Feeding Committee Report 

A. Simple vs. Complex Rations for Dairy Cattle. 0. F. Monroe and 
W. E. Krauss, Dairy Dept., Ohio Expt. Sta., Wooster, Ohio. 

In Ohio as in other corn belt states, corn is generally the cheapest grain 
for the dairy ration. Hence a simple grain mixture composed of corn and 
soybean oil meal, which in the past has been comparatively low in price, 
together with the necessary salt and minerals, offers possibilities for reduc¬ 
ing feeding costs. From an experimental point of view, a simple grain 
mixture also offers possibilities for obtaining information on the value of 
feeds which may be added to or substituted in the mixture. 

The work to be presented should be considered as a progress report rather 
than the final answer. In a reversal trial, twenty-eight Holstein cows, 
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divided into two groups, received in alternate periods of 50 days each, simple 
and complex grain mixtures. The simple grain mixture was made up as 
outlined previously and the complex mixture contained in addition to these 
ingredients, oats, linseed oil meal, wheat bran, beet pulp and molasses. This 
complex mixture had been in use previously and was considered highly satis¬ 
factory, cost excepted. These mixtures were fairly comparable in respect 
to digestible protein and total digestible nutrient content. Along with these 
grain mixtures, all the coavs received a moderate amount of corn silage and 
liberal amounts of legume hay (fed ad lib.). The cows were milked and fed 
three times a day. The production level per cow was around 1200 pounds 
of milk and 37 pounds of butterfat per month. For this short-time trial 
there was practically no difference in the results from the two grain 
mixtures. 

In a further comparison of the simple and complex mixtures other 
groups of Holstein cows were fed the same mixtures while on pasture for a 
period of 120 days. In this work the groups were not reversed but were 
continued on their respective rations for the full pasture season. Because 
the pasture consisted chiefly of legumes and hence furnished liberal amounts 
of protein, two other simple grain mixtures of lower protein content were 
fed to still other groups of cows. This pasture trial confirmed in general 
the results of the barn feeding trial. 

As a side issue to this work, the question has arisen of whether to use 
ground shelled corn or ground ear corn in the simple mixture. During this 
last winter two feeding trials have been conducted to answer this question. 
The data for these trials in which a large number of cows have been used 
will be presented. 

The comparison of simple and complex grain mixtures has been extended 
to calf feeding. In the calf rations the simple grain mixtures contained oats 
in addition to corn but no soybean oil meal. The data to be presented are 
based on the results obtained with 65 heifer calves from birth to 6 months 
of age and on 58 bull calves from birth to 9 weeks. The results with the 
younger animals also indicate the possibility of the simple ration. 

Quality and Marketing Committee Report 

B. Organization of a Quality Improvement Project. G. J. Babcock, 
Bureau of Dairying, U.S.D.A,, Washington, D. C. 

A quality improvement project for milk and cream will best accomplish 
the desired results if it is organized on an area plan. The area should com¬ 
prise all the producers supplying an entire buying area. This plan is an 
indirect method of aiding the producer to improve the quality of milk and 
cream. Experience has shown that working directly with producers not 
only fails to accomplish the desired results but it is costly and time-consum¬ 
ing. As extension dairymen you are too busy to even attempt to contact 
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all milk producers in your territories. I believe, however, that most of you 
do have the time to assume the leadership and direction of an area project. 
The cooperators in such a project have been outlined by your committee 
chairman. Obtaining the cooperation of these parties is mainly a matter of 
leadership. For the most part they are familiar with the necessity for im¬ 
proving quality. They have realized that something should be done, but 
have left it to the other fellow. In the past the cooperation of the buyers 
of milk and cream has been the hardest to obtain. Their cooperation is 
essential. They are responsible for the quality of our dairy products. 
They are solely responsible for the quality of the milk and cream which 
enter into manufactured products. They have, however, often placed vol¬ 
ume of dairy products above quality of dairy products. They have fre¬ 
quently judged their success by the volume handled. The result has been 
that they have accepted milk and cream which they knew was of a quality 
unfit for use. They accepted it because they knew that a competitor would 
accept it in order to increase his volume. There never was a more oppor¬ 
tune time to obtain the cooperation of the buyers of milk and cream than 
the present. The increased demand for dairy products, which our pro¬ 
ducers are meeting with increased production, has caused a large percentage 
of our plants to operate to capacity. In other words, their volume complex 
has been, at least temporarily, satisfied. While operating to capacity is the 
time when they more readily respond to plans for preventing the entrance 
of unfit milk and cream into the channels of human consumption. 

The first step in organizing a quality improvement program should be 
a definite outline as to what you expect to do and how you expect to do it. 
This outline should be discussed with the cooperating agencies and have 
their approval. The next step is to obtain the cooperation of all those buy¬ 
ing milk and cream in the area chosen. Personal visits should be made to 
the buyers in order to arouse interest prior to calling a meeting of these 
men at which the project will be explained in detail. The buyers must 
agree to make certain quality tests on all incoming products and reject all 
milk and cream that does not meet an acceptable standard. Control officials 
should make frequent checks to determine that the quality tests are similarly 
conducted and the results similarly interpreted at all the plants. They 
should also determine that all milk and cream not meeting the acceptable 
standard is actually rejected. The dairy manufacturing section of the col¬ 
lege should cooperate in determining what quality tests are used and at what 
point, according to the tests, the milk and cream are to be rejected. They 
should also cooperate when necessary by instructing plant operators how to 
conduct and interpret quality test§. 

As soon as the program has been definitely planned and all cooperating 
agencies contacted the extension service should hold meetings of all the 
patrons selling milk or cream in the area. These meetings can probably 



676 


ABSTRACTS OF PAPERS PRESENTED AT THE 


best be called by the dealers. At these meetings the extension service com¬ 
pletely outlines the program. The producers are informed as to its objects 
and benefits. Demonstrations of the quality tests are made so as to show 
the difference between good and poor quality and what milk or cream will 
be rejected. It is explained to the producers that the results of the quality 
tests made at the plants are given to both the extension service and to the 
control officials in order that these agencies may know where best to con¬ 
centrate their efforts in improving quality. It is also explained that the 
extension service and control agencies are going to check the buyers on the 
conduct of the tests to see that all producers receive equal treatment and 
that poor-quality milk and cream is actually rejected. 

The better producers in the area should be appointed as key men to aid 
and advise their fellow dairymen and to take an active part in the program. 
These better dairymen realize the importance of quality and can be of great 
service to the extension service in explaining the progress of the program 
at meetings of producers, which should be held at frequent intervals. The 
appointing of key men to take an active part in the program is the best 
possible means of getting the producers to realize that this is their*program, 
for their own benefit, and not something that is being forced upon them. 

An educational program is continuously carried on among the pro¬ 
ducers. The extension seiwice furnishes the material; bulletins, films, etc. 
Bulletins should be furnished to the producers through the county agents, 
the dealers, or both. Demonstrations, talks, and films on quality improve¬ 
ment should be left largely to 4-H dairy clubs and vocational high school 
students. Quality improvement of milk and cream is an ideal project for 
4-H clubs. They not only make an ideal medium with which to get tlie 
message across to producers, but they are an ideal training for future 
dairymen. 

The extension service should make full use of all the cooperating agencies 
as listed by jmur chairman. Many of these agencies have men in the field 
who can do promotional work for the project and assist producers with their 
problems. Furthermore, the cooperation of local newspapers, etc., should be 
obtained in order that the program may get full publicity. This publicity 
should start with the organization of the project, at which time the object 
and methods are published in detail. After the project is organized the 
publicity may be in the form of progress reports. Newspaper publicity not 
only adds impetus to the program, but it is an ideal medium for keeping 
those interested informed as to the progress of the program and the accom¬ 
plishments. 

To briefly summarize, the main duties of a dairy specialist in quality 
improvement work on the area plan are organization and direction. The 
actual producer contact is made %y his cooperators and the condemnation 
and rejection of milk and cream are made under the direction of control 
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officials. Demoiisti’ations and presentation of films, etc., are carried on by 
4-H clubs and vocational a^rriculture schools. The extension service local¬ 
izes its assistance to those actually in need of assistance as shown by quality 
tests and this work is larjycly done by the county agents. It is an oppor¬ 
tunity to carry on a quality improvement project with less expenditure of 
time and effort than the averaj^re dairy specialist spends in talking quality 
and giving demonstrations at producer meetings. It is a project that actu¬ 
ally shows results which can be definitely measured. During the present 
emergency this program should deal mainly with milk and cream for manu¬ 
facturing purposes. In many localities it could be further limited to milk 
which is to be manufactured into lend-lease products. 

C. Dairy Manufacturing Activities Devoted to National Defense. J. M. 

Jensen, Extension Dairy Specialist, Michigan State College, East 
Lansing, Mich. 

Demands on the Dairy Industry for large quantities of cheese, evap¬ 
orated milk and skim milk powder for defense needs created many prob¬ 
lems that required the assistance of specialists in Dairy Manufacturing. 
These problems dealt with surveys of factory output and capacity, pro¬ 
moting diversion from surplus areas to needed factories, determining best 
solution to problems arising for different localities, assisting with estimates 
on equipment layout and cost, pointing out the added need for quality and 
assisting in formulating quality programs and factory operations to that 
end. 

Further defense activities required programs for improving milk and 
milk products of all classes, as a means toward furthering consumption, 
improving keeping proj)erties and reducing losses. 

PRODUCTION SECTION 

PI. Improving Dairy-Cattle Pastures. W. B. Nevens, Univ. III., Urbana, 
Ill. 

Alfalfa, bluegrass, brome grass, winter r^ e, sweet clover, and a mixture 
of Sudan grass and soybeans growm in separate fi(dds were combined in a 
rotational pasture system. Winter rye furnished an abundance of early 
spring pasture. The rye field was seeded in late May to Sudan grass and 
soybeans. The cattle were transferred from one crop to another as soon as 
the best part had been eaten and before the plants became too short to make 
a vigorous new growth. 

The outstanding results of seven years’ trials were: (a) The pasture 
season was extended from two to six weeks longer than the period of pastur¬ 
ing bluegrass; (b) The yields (dry-matter basis) were from two to three 
times as great as those from improved bluegrass pastures used alone; (c) A 
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good supply of green, palatable feed was maintained throughout the season; 
(d) The weed content of most of the pastures was much less than that of 
the bluegrass pastures; (e) The most important factor in improvement of 
yields was the selection of suitable crops and the combining of these in a 
rotational grazing system; (f) The second most important improvement 
factor was the heavy application of barnyard manure; (g) The application 
of cows’ urine increased the protein content of bluegrass from 10 per cent 
to 25 per cent above that of bluegrass treated with barnyard manure; (h) 
The urine-treated bluegrass was more palatable than the untreated. This 
was found by a statistical analysis of 318 dry-matter determinations of 
treated and untreated bluegrass to be explained by the lower dry-matter 
content of the treated grass; (i) Probably the most important factor deter¬ 
mining the palatability of dairy-cattle pasture crops is their dry-matter 
content. The crop lowest in dry-matter content, based on all samples taken 
during May to September, inclusive, over a 5-year period, was Sudan grass- 
soybeans. This was followed in order by winter rye, alfalfa, brome grass, 
sweet clover, and bluegrass. Of 389 bluegrass pasture samples, 92 per cent 
contained more than 30 per cent dry matter, while only one of . 38 Sudan 
grass-soybean pasture samples was higher than 30 per cent in dry matter 
content. 

P2. The Ability of Yearling Heifers to Withstand Cold Temperatures. 

J. E. Dice, Dept. Dairy Husbandry, North Dakota Agricultural 

College, Fargo, N. Dak. 

Work done at this station which we have previously reported^ indicated 
that: (a) dairy cows can withstand exposure to cold temperature; (b) that 
they will produce practically the same in a cold stable as they will in a 
stable where the temperature is about 50® F.; (c) that milk cows on full 
feed, when housed in a cold stable produce sufficient surplus heat over usual 
maintenance requirements to maintain body temperatures without using 
nutrients for that purpose; (d) that cows housed in a cold shed require 
no more protein and total digestible nutrients for milk and butterfat pro¬ 
duction than other cows or the same cows when kept in a standard dairj" 
barn; (e) that the cows in the cold shed tend to gain somewhat more body 
weight than the cows in the dairy bam. 

We have housed yearling heifers in an open shed where the average 
temperatures were below freezing and another group in a closed shed where 
the temperatures were usually above freezing. The data accumulated to 
date indicate that the heifers in the closed shed average to put on more 
weight, and grow more as indicated by the* gain in height at withers than 
the heifers in the open shed. Besulte obtained during two seasons confirm 

1 Dice, J. R. The Influence of Stable Temperature on the Production and Feed Re¬ 
quirements of Dairy Cows. Jour. Dairy Sci., 2S, No. 1; 61-69. 1940. 
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definitely the above statement. Results obtained during the third year do 
not. Averages indicate that the heifers in the closed shed made the best 
gains in skeleton growth in eacjh of the three years and the best gains in 
weight during two of the three years. 

This is to be considered as a progress report as the project is to be car¬ 
ried on at least through two more seasons. 

P3. Resting Maintenance Cost in Growing Dairy Cattle.* S. Brody, 
H. II. Kibler, and a. C. Ragsdale, Dept. Dairy Husbandry, Univ. 
Mo., Columbia, Mo. 

The manner in which resting maintenance cost (resting energy metab¬ 
olism measured by rate of O 2 consumption) of Jersey and Holstein cattle 
varies with increasing age and body weight is graphically illustrated. Prior 
to about five months, the metabolism tends to vary directly with body weight 
(about 24 cal./pound/day); following this age, the metabolism varies not 
with but with W*’ meaning that increasing body weight one per cent 
increases maintenance cost only about 0.6%. From the surface-area view¬ 
point, the metabolism per square meter rises from birth until age of ‘^natural 
weaning’’ (5 to 6 months) and remains approximately constant thereafter. 

P4. The Occurrence and Importance of Still-unidentified Nutrients in 
Milk and Milk Products. A. M. Hartman and C. A. Cary, Di¬ 
vision of Nutrition and Physiology, Bureau of Dairy Industry, 
IT.S.D.A., Washington, D. C. 

Young rats nursed by mothers fed a diet of hot-aleohol-extracted casein, 
dextrin, yeast, cottonseed oil, cod-liver oil, agar, and a salt mixture did not 
grow normally when continued, after weaning, on this diet or on this diet 
containing additional yeast (bakers’ or brewers’) or supplemented with an 
average daily dose of thiamin chloride 40 pg., ribofiavin 40 pg. or 160 ^jg., 
pyridoxine hydrochloride 40 |jg., nicotinic acid 0.5 mg., calcium panto¬ 
thenate 0.5 mg., inositol 0.5 mg., para-aminobenzoic acid 3.0 mg., choline 
chloride 6.0 mg., or biotin methyl ester 1.0 qg., or by vitamins B (alpha- 
tocopherol) 50 pg. or K (2-methyl, 1,4,-napthoquinone) 12.5 pg. 

The rate of growth may be increased 90 per cent or more by replacing 
the extracted casein with commercial casein or by feeding various liver 
extracts separately from the basal diet. Feeding a liver fraction which 
furnished only 0.2 mg. of solids daily produced decided growth. In paired 
feeding experiments (still in progress), males which have been fed, sepa¬ 
rately from the basal ration, a quantity of liver extract that furnished an 
insignificant amount of metabolizable energy, have grown more than sex- 
litter mates on the basal ration alone. The average difference is not large 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station, Journal Series No. 833. 
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but it is statistically significant. Accompanying the increased rate of body 
growth of females fed liver extracts were earlier vaginal patency and marked 
increases in the weights of the ovaries, the uterus and the adrenals; simi¬ 
larly with males, marked increases were observed in the weights of the 
seminal vesicles and prostate, the epididymis and the thymus. 

Practically colorless, active liver extracts have been prepared; synthetic 
xanthopterin was inactive; and the growth-promoting material in the liver 
preparations was not precipitated by ammoniacal silver nitrate as is xanthop¬ 
terin. The factor in liver extracts resembles pyridoxine in some of its 
chemical properties. Aqueous solutions of a liver extract, adjusted to pH^s 
3,7, and 11 and then autoclaved at 18 pounds pressure for 3 hours, remained 
active but possibly suffered some loss in activity in each case. Fresh whole 
milk, cheeses (cottage, Swiss, Cheddar), beef muscle, and lettuce promoted 
growth when fed in addition to the above basal diet; commercial dried skim 
milks had a similar effect. 

P5. Hydroxyamino Acids of Milk Proteins. B. H. Nicolet, L. A. Shinn, 
AND Ij. J. Saidel, Division of Nutrition and Physiology, Bureau of 
Dairy Industry, U.S.D.A., Washington, D. C. 

The discovery that periodic acid reacts with amino alcohols has led to 
the development of satisfactory methods for the determination of serine and 
threonine, and also to a demonstration that hydroxy glutamic acid probably 
does not occur in milk proteins. 

The use of these methods has made it possible to show that serine and 
threonine, in protein combination, have a special sensitivity to alkali 
analogous to (but less than) that of cystine. Seryl residues, for instance, 
are dehydrated to give dehydroalanyl residues, the structure of which is 
clearly shown by their ability to add substances of the type RSH to form 
c^^teyl derivatives. 

When a protein eontainihg such residues is subsequently submitted to 
acid hydrolysis the nitrogen in them comes off as ammonia. 

P6. Utilization of Urea by Calves Less than Four Months of Age. J. E. 
Loosli, C. M. McCay, and L. A. Maynard, Cornell Univ., Ithaca, 
N. Y. 

Holstein calves receiving whole milk were given a diet of yellow corn 20 
parts, corn starch 33, chopped timothy hay 30, cane molasses 10, bone meal 
2, salt 1 and urea 4 parts, as soon as they would consume dry feed. The 
calves continued to grow at a fairly normal rate after the milk was removed 
from the diet at 7 weeks of age. Calves fed the basal diet without urea 
failed to increase in body weight ^after milk feeding was discontinued. 
Digestion trials and nitrogen balance studies were made when the calves 
were 8 to 4 months of age. Calves fed the low-protein basal diet were in 
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negative nitrogen balance, while calves fed the basal diet plus urea were able 
to store nitrogen. 

One-half of the calves were fed a daily vitamin supplement consisting 
of thiamin, riboflavin, calcium pantothenate, crystalline vitamin K, pyri¬ 
doxin, p-amino benzoic acid, nicotinic acid, choline, and crude mixed 
tocopherol s. Sui)plements of these B-vi tarn ins had no apparent influence 
upon the growth rate of the calves, the elBciency of nitrogen storage, nor the 
riboflavin content of the organs and edible meat of the calves. 

P7. The Feeding of Korean Lespedeza Seed as a Protein Supplement for 
Milk Production.* H. A. Herman and A. C. Ragsdale, Dept, of 
Dairy Husbandry, IJniv. Mo., Columbia, Mo. 

Chemical analyses of Korean lespedeza seed show a striking similarity 
in protein content to that of the high protein feeds such as cottonseed meal, 
soybean oil meal, and linseed oil meal, commonly used in balancing dairy 
rations throughout the middlewest. It is estimated that over 7,000,000 acres 
of Korean lespedeza is annually grown in Missouri. This legume annually 
seeds itself and is grown on soils of wide variety over the entire state. Only 
about 200,000 acres are annually harvested for seed as yet. The annual 
seed production is approximately 400 lbs. per acre on the average, but may 
be as much as 800 lbs. per acre. With this vast supply of a relatively cheap 
source of protein available, and in view of preliminary experiments at the 
Missouri Station indicating that the ground seed might serve in the rations 
for lambs and poultry, an experiment of the alternate feeding trial plan 
was conducted, using two groups of 10 dairy cows each, to determine the 
value of the ground seed as a substitute for cottonseed and soybean oil meal 
in the ration of milking cows. The cows in each group were comparable 
as to body weight, stage of lactation, and daily milk yield. 

Each feeding trial consisted of a 40-day period with a 10-day preliminary 
period. The cows were fed alfalfa hay and sorgo silage as a source of rough- 
age and grain in accord with daily milk production. The average daily milk 
yield was 35 lbs. per cow on two-times-a-day milking. 

The lespedeza seed used was finely ground and mixed into a ration so 
as to give the same protein content as a ration containing 7i per cent choice 
cottonseed meal and 7i per cent soybean oil meal as the main source of 
protein. 

The seed used gave the following analyses: total dry matter 92.48%, 
crude protein 34.5%, crude fiber 9.5%, ether extract 7.93%, nitrogen-free- 
extract 34.13%, ash 6.42%. The grain mixture fed to each group averaged 
13.8% crude protein. 

In the first 40-day feeding trial following a 15-day preliminary trial, 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 844. 
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the ten cows fed ground Korean lespedeza seed as a source of high protein 
averaged 32.68 lbs. of milk daily, whereas the group of cows receiving a 
ration with the protein supplement made up of equal parts of soybean oil 
meal and cottonseed oil meal averaged 82.67 pounds daily. At the end of 
the first 40-day trial, the groups were reversed as to grain ration fed and 
the group formerly fed Korean lespedeza seed were fed the soybean oil and 
cottonseed oil supplements. The second trial, following the usual 10-day 
preliminary period between trials, resulted in the 10 cows receiving the 
lespedeza seed supplement averaging 27.74 pounds of luilk daily. The con¬ 
trol group averaged 27.34 lbs. daily. The average per cent of fat in the milk 
produced by the two groups was the same, or from 3.7 to 3.8 per cent fat. 

The amount of grain feed, silage, and hay fed the two groups was ap¬ 
proximately equal and was carefully controlled. The cows maintained their 
bodj’' weight and were in good physical condition, on both rations. The 
ground Korean lespedeza seed mixture was eaten readily and seemed to in 
no way affect the palatability of the grain ration. 

These trials indicate that the proteins of ground Korean lespedeza seed 
are equal, pound for pound, to the proteins of a mixture of equal parts of 
cottonseed oil meal and soybean oil meal in the ration of lactating cows. 

The use of Korean lespedeza seed as a protein supplement in the usual 
dairy rations, fed over a long time period, is now under investigation at 
the Missouri Station. 

P8. The Biological Values of Lespedeza, Alfalfa, Corn and Milk Pro¬ 
teins for Growing Dairy Heifers.* Eric W. Swanson, H. A. 
Herman, and A. C. Ragsdale, Dept, of Dairy Husbandry, Univ. 
Mo., Columbia, Mo. 

Korean lespedeza has become the major legume forage crop grown in 
Missouri and several surrounding states. Under favorable conditions a 
profitable yield of lespedeza seed may also be harvested. The nutritive 
value of the proteins of lespedeza hay was compared with that of alfalfa 
hay proteins and an attempt was made to determine if a supplementary 
effect existed between lespedeza hay proteins and milk and corn proteins 
respectively. Since lespedeza seed may be used as a protein supplement 
feed, the biological value of its protein was also investigated. 

The biological values were determined with dairy heifers by application 
of MitchelUs method. Eight fifteen- to eighteen-months-old purebred Hol¬ 
stein heifers were used in the nitrogen metabolism trials. Endogenous uri¬ 
nary nitrogen and fecal metabolic nitrogen were determined by feeding a 
low protein ration of oat straw, corn starch, sugar, and minerals. Feces and 
urine were collected separately by^a mechanical continuous collecting appa- 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. S43. 
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ratus, sampled aliquotly each day, and the preserved composite sample was 
analyzed. All preliminary and collection periods were ton days. The pro¬ 
tein content of all rations (ox(?ept one lot of lespedeza hay) was adjusted to 
10% total crude protein by addinpr sugar and starch. 

A preliminary trial early in 1941 with four heifers gave average values 
of 77% for the biological value of alfalfa protein, 87% for lespedeza hay 
protein, 76% for corn protein, and 85% for a mixture of corn and lespedeza. 
Fourteen per cent of the protein of the latter ration was from corn, 85% 
from lespedeza. No supplementing effect of the corn and lesijedeza proteins 
was apparent. 

The trials were repeated, 1941-42, with four different heifers and differ¬ 
ent lots of hays. Average biological values (percentage of absorbed nitro¬ 
gen retained by the body) obtained in the second trial were 88.6% for one 
lot of lespedeza hay, 84.5% for a second lot of lespedeza hay, 73.4% for 
alfalfa hay, 70.3% for milk protein added to oat straw, 74.0% for lespedeza 
seed added to oat straw, and 84.1% for a mixture of the first lot of lespedeza 
hay and dried skim milk such that 33% of the protein was furnished by 
milk and 66% by the hay. This figure indicates a very slight supplement¬ 
ing effect of the proteins but not a significant one. 

The digestibility of the protein of the lespedeza hay rations was much 
lower than that of any of the other rations. There was an inverse relation 
between the biological values and the digestibility of the nitrogen of the 
rations which resulted in practically identical net utilization (biological 
value times digestion coefficient) of the protein of all the rations. The 
average percentage of nitrogen intake stored was 22.6% on the first lespedeza 
hay ration, 24.6% on the second, 20.8% on the alfalfa hay, 27.6% on the 
lespedeza and milk ration, 22.2% on the milk ration and 21.9% on the les¬ 
pedeza seed ration. There was no statistically significant difference between 
any two rations in percentage of ingested nitrogen stored. 

The results indicate that although the lespedeza hay protein was not 
digested as well as alfalfa, corn, milk protein, or lespedeza seed protein, the 
digested protein was utilized to a greater extent by growing dairy heifers 
with the result that the net utilization was the same for all the rations as 
they were fed in this investigation. 

P9. A Comparison of Acetic Acid, Fed as Triacetin, with Glucose as a 
Nutrient in Feeds. T. B. McManus and C. B. Bender, N. J. Agr. 
Expt. Sta., New Brunswick, N. J. 

Two experimental rations, the first containing 15% glucose and the sec¬ 
ond an equicaloric amount of acetic acid in the form of triacetin, were fed 
to albino rats using the paired feeding method of controlling food intake. 
.The efllcieney of the two rations was compared through several measure¬ 
ments. 

A six-week study of the growth rates of the rats was made. This showed 
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that the rations were equally efiScient in maintaining the animals and sup¬ 
porting growth. A study of the heat production of the animals receiving 
the two rations showed no difference in their effect on the rate of metabolism. 
The metabolizable energy of the two rations was determined. The gross 
energy of the glucose-containing ration was 94.5% metabolizable and that 
of the triacetin containing ration was 94.3% metabolizable. A study of the 
loss of volatile acids in the urine of the animals showed that the acetic acid 
of the triacetin-containing diet was retained. 

The results show that the two rations were equivalent. Acetic acid, fed 
as triacetin, was absorbed from a balanced ration and retained by the animal. 
It was as effective in supporting growth as an equicaloric amount of glucose 
and it had no greater effect on the specific dynamic action of the ration than 
did glucose. 

It is concluded that acetic acid, in the form of triacetin, vras utilized with 
a degree of efiSeiency equal to that of glucose. 

PIO. Ruminal Gases in Normal and Bloated Animals. T. M. Olson, 
S. Dak. Agr. Bxpt. Sta., Brookings, S. Dak. 

Bloat in cattle has been known among livestock men for a long time. It 
has also been recognized that some plants, particularly legumes, cause bloat 
more readily than non-legumes. 

The immediate cause of bloat is assumed to be a rapid formation of gases 
in the rumen. The assumption is that the gases accumulate in the rumen 
to the point where the extension of the rumen exerts sufficient pressure on 
the diaphragm to interfere with the normal functioning of the heart and 
lungs. The gases concerned were thought to be carbon dioxide and methane, 
although no published data were available until very recent years to indicate 
that these gases had been determined in a laboratory. 

Inasmuch as the cause of death from bloat is attributed to excessive 
pressure on the vital organs it is important to know what this pressure is, 
and whether it is sufficient to produce the results claimed. Pressures have 
been determined at the South Dakota Station on a number of bloated animals 
and animals which have died from bloat, and found to range between €0-70 
mm. of mercury above atmospheric pressure. Other animals liave been 
insufflated with air from a compressor up to 90-100 mm. of mercury with 
no ill effects except discomfiture of the animal. As soon as the pressure was 
released no after effects were observable. 

In more recent years analyses have been made of ruminal gases, which 
indicate that in addition to carbon dioxide and methane two additional 
gases, viz., carbon monoxide and hydrogeu sulphide, are also present in the 
ruminal gases. These gases are present in varying amounts in the rumen 
of bovine on normal dry feeds. It has also been determined that the quan-, 
tity of these gases will vary with individuals on the same feeds, and with the 
kind of feeds eaten by the animal. 
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Recent experimental work indicates that when animals bloat, there is 
considerable increase in hydrop:en sulphide gras, as compared to animals on 
dry feed. The amount of hydrogen sulphide gras may be ten to twenty 
times that of animals on dry feed. 

Toxicologrists have known for some time that hj^drogen sulphide gras is 
highly toxic. Small amounts of this gas when absorbed into the blood 
stream is fatal. Recent laboratory determinations have demonstrated that 
alfalfa under certain stages of growth is very high in hydrogen sulphide 
gas. This seems to indicate that this gas plays a significant role in the cause 
and death of bovines from bloat. 

P12. Further Nutritional Studies on Calf Scours. Norman S. Lund- 
QUisT AND Paul II. Phillips, Univ. Wis., Madison, Wis. 

Previous work at this Station has shown that calf ‘‘scours’^ in many 
cases is of nutritional origin. Recent studies have yielded data which 
further clarify the early dietary recpiirements of the calf. New-born Hol¬ 
stein calves can be satisfactorily raised on a properly fortified skim milk 
diet without access to colostrum. This has not been accomplished with 
Guernsey calves. Colostrum feeding for three days followed thereafter by 
a properly fortified skim milk diet was found to be a satisfactory diet for 
the calves of all breeds used. It has been found that ascorbic acid is neces¬ 
sary in adecpiate amounts in the early diet of the calf to prevent and control 
navel infection. Ascorbic acid can be administered per os for the first 
10-12 days of life, thereafter, it must be injected to be effectively recovered 
in the blood stream. Blood plasma ascorbic acid in the normal calf dimin¬ 
ishes from birth to the third week of life, then gradually returns to a normal 
level of approximately .3 mg. %. These observations seem to be closely 
related to the initial functional activity of the paunch. These studies 
further emphasize the point that both vitamin A and certain members of 
the vitamin B complex are required by the calf for the control and preven¬ 
tion of scours. In nutritional scours, certain members of the vitamin B 
group are indicated when the blood plasma vitamin A concentration is above 
.lOy/cc. and vitamin A administration is required either alone or in com¬ 
bination with these B vitamins when the blood plasma vitamin A is below 
this level. It has been shown that pantothenic acid alone was ineffective. 
The addition of nicotinic acid (alone) to the milk diet was distinctly bene¬ 
ficial for the control of scours when adequate vitamin A was present. 

P13. Factors Affecting the Vitamin A and D Potency of Alfalfa Hay.* 

G. C. Wallis, Dairy Dept., S. Dak. Agr. Expt. Sta., Brookings, 
S. Dak. 

The importance of good quality roughages in maintaining the health and 

♦ South Dakota Agricultural Experiment Station, Journal Series 164. 
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productiveness of livestock is becoming increasingly evident. In this study 
the factors and methods concerned with (1) the rapidity of moisture loss, 
(2) the conservation of vitamin A values, and (3) the development of vita¬ 
min D activity in the curing and storing of alfalfa hay are under investiga¬ 
tion. When these fundamental principles are understood, effective methods 
of making and keeping alfalfa hay and other roughages of high nutritive 
quality can be devised and evaluated. Thus far studies have been made on 
a third cutting of alfalfa cured in the swath and windrow, and on two second 
cuttings each cured simultaneouslj’' in swath, windrows, and cocks. Some 
studies have been made on losses during winter storage under hay mow 
conditions. 

According to the present information when hay is cured in the swath and 
ill small windrows from immediately after cutting the moisture loss is most 
rapid from the swath for only about the first half day. By the end of the 
day there is less moisture in the small windrow and this relationship con¬ 
tinues from then on. Most rapid drying can be secured by leaving hay in 
the swath for a half day, then raking it into small windrows. Turning?’ the 
windrow after the hay is J to § dry may still further hasten the drying 
process. 

For the first day there is not so much difference in the rate of destruction 
of carotene in the swath and small windrow, but after that the destruction 
in the swath is more rapid so that by the time the hay is ready to haul the 
small windrow may have up to twice as much carotene as that cured in the 
swath. Carotene analyses of hay which was cured out completely in the 
cock without spoiling are not yet available for comparison. 

Vitamin D analyses are available for the third cutting samples and for 
one of the second cutting series of samples. This evidence indicates that it 
takes from 2 to 4 days of good sunshine exposure to develop the maximum 
amount of vitamin D in the hay. The vitamin D development was very 
similar in the swath and smhll windrow but there was little or no additional 
development in the cocks beyond the .23 I.U. of vitamin D per gram of air 
dry material at the time of cutting. There is some evidence that light show¬ 
ers tended to destroy some of the vitamin D which had been previously 
developed in the hay. The third cutting hay cured under September sun¬ 
shine developed up to 5 International Units of vitamin D per gram whereas 
the second cutting cured under similar conditions of July sunshine failed 
to develop more than 1 International Unit per gram. Whether this was due 
to the presence of more activatable material in the third cutting hay or to 
some other cause and whether or not it will prove to be the general experi¬ 
ence is not known at the present time. 

In 5 months of storage in the ^ow swath cured hay with a carotene 
content of 88 mierograms per gram of dry matter dropped to 16 micrograms 
and hay cured in a small windrow dropped from 158 to 28 micrograms per 
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gram. There was a further slight loss in both hays during the next three 
months of storage. There was some evidence of a slight loss in vitamin D 
during the first 5 months but none in the succeeding 3-month period. 

P14. The Vitamin A and Carotene Content of the Blood Plasma of 
Calves from Birth to Four Months of Age. L. A. Moore,* 
Maryland Agr. Expt. Sta. 

The question of the vitamin A requirement of calves from birth to four 
months of age has not been widely investigated although this is the most 
difficult period of the calf’s life. It was thought that the determination 
of the vitamin A and carotene content of the blood plasma of calves of this 
age group under the usual conditions of herd management might throw some 
light on the subject from the practical point of view. 

Samples of blood were collected from 12 calves before they had colostrum 
and at 24-liour intervals up to one week of age. Samples were also taken 
every two wrecks on about 50 dairy calves and 20 beef calves up to four 
months of age. 

The vitamin A and carotene content of the blood plasma of a new born 
calf is very low. These data show that after taking colostrum the plasma 
vitamin A of dairy calves increased markedly and the carotene increased 
slightly up to the third day when the calves were removed from the cow. 

The blood ])lasma of Jersey and (luernsey calves from birth to 4 months 
of age contained as much vitamin A as that of Holstein and Ayrshire calves. 

Under the usual conditions of herd management it was found that the 
blood plasma from beef calves contained twice as much vitamin A as the 
blood plasma from dairy calves. This raises the question as to whether 
dairy calves raised under a system of reduced milk intake as is usually prac¬ 
ticed on most dairy farms receive sufficient vitamin A and carotene from 
birth to four months of age. 

It was found that the feeding of a good quality of lespedeza hay very 
markedly increased the vitamin A and carotene content of the blood plasma 
of dairy calves after about one month of age above that of calves receiving 
a good grade of alfalfa or clover and timothy. 

P15. Vitamin C in Dairy Cattle Nutritiomt 6. C. Wallis, Dairy Dept., 
S. Dak. Agr. Expt. Sta., Brookings, S. Dak. 

In the course of our studies on the vitamin D deficiency of dairy cows 
some symptoms were noted which indicated the possibility of a complicating 

* The data to be presented were collected from the college dairy and beef herds of the 
Michigan State College and the dairy herd of the University of Maryland. 

Paper no. A21a in the scientific journal series of the Maryland Agricultural Experi¬ 
ment Station. Md. Agr. Expt. Sta. Contribution 1828. 

t South Dakota Agricultural Experiment Station, Journal Series No. 163. 
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vitamin C deficiency. As these animals had been on a ration which was also 
low in vitamin C for three j-ears or so it was thought advisable to investigate 
this possibility. 

The vitamin C in the blood plasma and the milk was determined twice 
monthly for a period of a year to see if the vitamin was available for physio¬ 
logical purposes and for secretion into the milk. For comparative purposes, 
similar determinations were made on the three other groups of cows receiv¬ 
ing rations which provided increasing amounts of vitamin C. One of these 
groups consisted of experimental co%vs receiving alfalfa hay and a grain 
mixture and the other two groups were taken from the college herd. Of 
the latter, one group received alfalfa hay, corn silage, and a grain mixture 
while the other received pasture supplemented with grain which would sup¬ 
ply a rich source of vitamin C. The indophenol titration method was used 
for these vitamin C determinations. 

The vitamin C content of the blood plasma varied on the average between 
0.3 and 0.4 milligrams per 100 ml. with no appreciable differences between 
the groups. The experimental cows on the vitamin C low ration were even 
a little higher in this respect than the cows receiving a large intake on pas¬ 
ture. The vitamin C content of the milk was also quite constant at about 18 
to 20 milligrams per liter and showed no significant differences between 
groups of cows or between morning and evening samples. 

Six vitamin C balance trials have also been carried out on the experimen¬ 
tal cows receiving the vitamin C low ration, and varying in milk flow from 
dry cows to those in heavy production. In this case the vitamin C in the 
feed, feces, and urine was determined by the use of a photoelectric color¬ 
imeter and the indophenol dye. In all cases the outgo was decidedly larger 
than the intake. The outgo in the urine was very small in comparison to 
that of the milk and feces. For instance, in one case the daily intake was 73 
milligrams and the outgo in 49.5 pounds of milk was 526 milligrams, in the 
feces 703 milligrams, and ifi the urine only 19 milligrams. The total outgo 
was 1248 milligrams. Such decidedly large outgoes as compared with the 
intake over long periods of time gives strong evidence of an active vitamin C 
synthesis by dairy cows. The large outgo in the feces compared with the 
urine suggests a synthesis along the gastro-intestinal tract although the 
appearance of appreciable amounts of vitamin 0 in the milk indicates a 
rather free absorption into the blood stream with possibly a re-excretion into 
the intestinal tract. Of course it could be synthesized elsewhere in the body 
and be excreted via the intestinal tract rather than the kidneys. 

P16. Carotene (Provitamin A) Requirements of Dairy Cattle for Con¬ 
ception. A. H. Kuhlman and W. D. Gallup, Oklahoma A. and M. 
College, Stillwater, Okla. * 

The minimum daily carotene requirement of dairy cows for normal 
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reproduction appears to be between 40 and 45 mierograms per pound body 
weight. The carotene requirements of first-calf heifers may be somewhat 
higher than those of older cows since the former animals need carotene for 
growth in addition to that needed for maintenance and reproduction. 
Apparently the amount of carotene needed for lactation is not in excess of 
that required for successful reproduction. The level of carotene intake 
required to maintain fertility of cows is not known. 

Records of the intake of carotene previous to breeding are available for 
27 grade Jersey females for a total of 80 services and 58 conceptions. With 
the exception of several cases in which Puratene (a commercial carotene 
supplement) was also used, prairie hay was the sole source of carotene. The 
average daily intake of carotene per pound body weight for the 90-day 
period preceding service varied from 20 to 353 micrograms. 

Forty-three of the 58 conceptions resulted from the first service, 12 from 
the second, and one each from the third, fourth, and sixth services. For 
the entire group 1,38 services were required per conception. In 21 cases in 
which cows had an average daily intake of 20-39 micrograms carotene per 
pound body weight for the 90-day period preceding service, 1.99 services 
were required per conception. When the daily carotene intake was 40^9 
micrograms, 60-99 micrograms, and 100-353 micrograms, 1.35, 1.15, and 
1.23 services per conception were required respectively in 23, 15, and 21 
cases. 

While the results obtained do not establish the minimum carotene re¬ 
quirements for conception, they do indicate that a very satisfactory concep¬ 
tion rate was obtained when the carotene intake was at the same level as that 
required for normal calving. 

PI7. The Relation of Nutrition to Breeding Performance in Dairy Bulls. 

I. R. Jones, J. R. Haag, and R. W. Dougherty, Oregon Agr. 

Expt. Sta., Corvallis, Oregon. 

In a study to determine the effect of the ration on fertility, 18 bulls were 
fed experimentally from birth to 31 to 40 months of age as follows: 

Group A. Four bulls. Good quality alfalfa hay after seven months of 
age and free access to disodium phosphate. 

Group B. Two bulls. Same ration as Group A supplemented daily 
with 1 pound each of skimmilk powder and oat groats. 

Group C. Four bulls. After 3 months of age weathered hay bleached 
until practically devoid of green color and about 3 pounds daily of a mix¬ 
ture of oats, barley, skimmilk powder, linseed meal, wheat bran, bone fiour 
and salt. 

Group D. Two bulls. Same ration as Group C supplemented daily 
with approximately 2 ounces of salmon oil containing about 5000 U. S. P. 
units of Vitamin A per gram. 
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Group E. Four bulls. Plain dried beet pulp as the only roughage. 
After 90 days about 3 pounds daily of a mixture made up of 66 per cent 
corn gluten meal, 30 per cent skimmilk powder, 2 per cent each of bone flour 
and salt. Approximately 10 cc. of salmon or cod liver oil was fed daily. 

Group F. Two bulls. Same ration as Group E supplemented with 10 
cc. of wheat germ oil fed on the grain once weekly. 

Salt and bone flour was available to the bulls at all times and iodine was 
supplied to all animals once weekly in the form of potassium iodide solution. 

Group B animals made normal growth followed by Groups E and F 
whose gains were almost identical and only slightly below normal, Group A 
from 10 per cent to 15 per cent below normal until 2 years of age, Group D 
averaging about 20 per cent below normal from 6 to 18-month period and 
Group C averaging 25 per cent below normal during the 6 to 18-month 
period. After about 18 months of age the animals below normal grew at an 
accelerated rate so that at the time of disposal growth differences between 
the groups were largely eliminated. 

The results of 299 semen examinations showed considerable variations 
among the individual animals and with the same animal at different times. 
Some of the bulls showed remarkably constant sperm counts, motility ratings 
and kind and percentage of abnormal forms. Several animals would have 
been rated as questionable breeders on the basis of low sperm counts and 
volume, poor motility, variable pH readings and 25 to 40 per cent abnormal 
forms. However, there appeared to be no particular relation between 
so-called low quality sperm and the rations fed. 

The fertility of 17 of the bulls was proven by service to 303 cows. At 
the present writing pregnancy and calving records are complete on 181 cows 
which averaged 1.40 services per conception. Of the calves born 168 w^ere 
normal, 5 were weak or dead at birth and 8 pregnancies resulted in abortions. 

A study of the individual bull and group records shows some individual 
but no large group variations from the average. Only one bull averaged 
more than 2 services per pregnancy. Apparently a ration adequate for 
fairly normal growth to 3 years of age in a dairy bull is satisfactory for 
normal reproductive performance. 

Other data taken during the course of the investigation included blood 
carotene values, blood phosphorus determinations and ascorbic acid content 
of the semen. Following slaughter the testes of the bulls were sectioned. 
Preliminary histological studies indicate no outstanding differences in 
spermatogenesis and interstitial tissue development with the bulls fed dif¬ 
ferent rations. 

P18. Some Preliminary Results of Feeding Chloretone to Bulls. E. C. 
SCHBroENHBLM, A. L. BORpiEE, C. F. HUFFMAN, AND C. F. CLARK, 
Michigan State College, East Lansing, Mich. 

Sterility in dairy bulls has been a vital problem to dairymen for years. 
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In 1941 Phillips and coworkers at the University of Wisconsin reported that 
the subcutaneous injection of ascorbic acid into sterile bulls resulted in 
marked increase in breeding efficiency. Bortree and associates in 1941 
found that the feeding of chloretone to cattle increased the blood plasma 
ascorbic acid level. The feeding of 5 grams of chloretone per day resulted 
in an increase in plasma ascorbic acid, usually within 5 days. 

In the present investigation the effect of feeding chloretone at various 
levels for different periods of time was studied as well as the effect upon 
sex interest and breeding efficiency of sterile bulls. 

Tw’^o 1800-pound bulls were each fed 10 gms. of chloretone per day. One 
of these bulls lost its sense of balance after 38 days due to the anesthetic 
effect of chloretone. The other bull was normal. The amount of chloretone 
fed per day to these tw’o bulls was reduced to 5 gm. at this time and con¬ 
tinued for a period of 4 months with no ill effects. 

Three slow breeding bulls were used to determine the effect of feeding 
chloretone upon sex interest. The first bull required 10 to 15 minutes to 
serve a cow before treatment. There was continuous improvement in sex 
interest after chloretone feeding, until at the end of the fourth month this 
bull served a cow immediately. The second bull which failed to serve a cow 
during a one-hour period before treatment, responded to chloretone feeding 
as was indicated by a service in 5 minutes following 3 weeks^ treatment. A 
third bull that required 10 to 15 minutes per service prior to chloretone 
feeding, bred a cow in 3 to 4 minutes after 3 weeks' treatment. 

The effect of chloretone administration upon the number of services per 
conception was investigated using three bulls. The first bull required 5.33 
services per conception during 7 months previous to the feeding of chlore¬ 
tone. During the 6 wrecks following chloretone feeding the number of ser¬ 
vices per conception was 1.50. The second bull which showed 8 services per 
conception during a 2-month period prior to treatment, required 2.33 ser¬ 
vices per conception for the same period following chloretone treatment. 
In case of the third bull 8.5 services per conception were required during 
the 2 months prior to treatment, while only 2.66 services per conception 
were needed during the three months following the feeding of chloretone. 

Additional studies on these problems are in progress and will be reported 
later. 

P19. Effect of Amphyl on Bull Sperm. H. 0, Dunn, C. E. Siiuart, and 
0. F. Garrett, N. J. Agr. Bxpt. Sta., New Brunswick, N. J. 

Amphyl is the trade name of a concentrated disinfectant consisting of 
a mixture of p-chloro-s, m-dimethyl hydroxybenzene, p-tert amyl hydroxy- 
benzene and neutral soap dissolved in alcohol, glycerol and water. It has 
a phenol coefficient of 10 but is practically non-corrosive to animal tissue. 

In a search for a substitute method for heat sterilization of the equipment 
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used in artificial insemination, Amphyl was tried. In 10 trials it was found 
that possible disinfectant residues left in the glass tubes, used for receiving 
the ejaculate, after treatment with Amphyl had no effect on the longevity 
or motility of the sperm. To make the test more severe, Amphyl, in various 
concentrations, was added directly to semen and the longevity and motility 
of the sperm were observed. The semen was usually diluted with an egg 
yolk-phosphate buffer solution. 

Addition of Amphyl to undiluted semen destroyed all sperm within 30 
seconds. Addition of the disinfectant to semen diluted only with the phos¬ 
phate buffer rapidly destroyed the sperm. When 0.2% to 0.5% of Amphyl 
was added to semen diluted with the egg yolk-phosphate buffer solution, 
however, the sperm lived from 4 to 9 days longer than sperm in the same 
diluted semen but containing no Amphyl. In one trial, for example, all 
sperm in the control semen were non-motile by the sixth day, whereas, 30% 
of the sperm in the Amphyl-treated semen were still motile on the thirteenth 
day. 

The rate of the destruction of bacteria in the control semen was about the 
same .as that in the Amphyl-treated semen. 

P20. The Relation of Morphology to Fertility in Bull Semen. Q. W. 

Trimberger and H. P. Davis, Nebr. Agr. Expt. Sta., Lincoln, Nebr. 

The morphological characteristics of the spermatozoa in the semen from 
24 dairy bulls of the Holstein, Jersey, Guernsey, and Ayrshire breeds used 
for service in the University of Nebraska dairy herd were observed regularly 
at monthly intervals over a period of several years for a total of 376 months. 
The numbers of normal and abnormal sperm cells were determined by count¬ 
ing one thousand cells after they had been stained. When all samples were 
included, the 24 bulls averaged 790.5 normal cells per thousand with a range 
from 276 to 968 for individual samples and from 373 to 903.4 from the lowest 
to the highest average for a bull. The breeding efSciency was 57.76 per cent 
conception in the 483 cows bred during the experimental period. 

No differences were found in the number of normal sperm cells in semen 
samples obtained by the massage method per rectum compared to those 
obtained with an artificial vagina from the same bulls nor was there any 
definite relation between any particular abnormal form and decreased breed¬ 
ing efficiency. Free heads or heads without tails was the most common 
abnormality found among the cells, with broken tails and looped tails rank¬ 
ing next in order. A monthly tabulation for seasonal variation showed 
some fluctuation in the number of normal spermatozoa but no significant 
differences were found. 

Bulls with over 900 normal spefm cells per thousand had significantly 
better breeding records than those below this high level, and 8 of the 24 
bulls sampled or 33,33 per cent had a month or more with over 900 normal 
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cells per thousand althoug^h only 11.44 per cent of all samples were of this 
high quality. A total of 71 cows were inseminated with semen taken from 
bulls during a month in which they had over 900 normal sperm cells per 
thousand and 53 or 74.65 per cent of these cows conceived. From 76 cows 
bred with semen from bulls during months in which they had from 851 to 
900 normal cells per thousand, the result was 48 or 63.16 per cent conceptions. 
There was relatively little difference between the breeding records of bulls 
with 500 to 850 normal sperm cells per thousand divided by class intervals 
of 50 and all but one class averaged 50 per cent or more conceptions, but the 
average for 325 cows bred was 51.08 per cent conceptions. Bulls with less 
than 500 normal cells per thousand had very poor breeding records. 

Comparison of the first and second ejaculate showed a slight advantage 
in favor of the second but no significant differences when the previous service 
had been within 20 days. A marked and significant difference was found 
if the previous service was not within the 20 day limit. This difference was 
more pronounced when the previous sample had been taken between 20 and 
30 days than when the time interval between samples was over 30 days 
because after a long rest period more than two ejaculates are necessary to 
return to normal. This suggests the advisability of taking two or more ser¬ 
vices from a bull if he has not been used for several weeks. 

P21. Studies of Respiration Rate of Dairy Bull Spermatozoa.’*' Bay E. 

Ely, Dept, of Dairy Husbandry, Univ. Mo., Columbia, Mo. 

The relationship between the average number of services per conception 
and respiration rate of dairy bull spermatozoa has been reported. Other 
characteristics of an ejaculate, such as initial motility, percentage of abnor¬ 
mal spermatozoa, and survival on storage have been correlated with the 
bull’s fertility or breeding record. 

In this investigation a study was made of the oxygen consumption of 
dairy bull spermatozoa and the relation to other characteristics of the ejacu¬ 
late. The bulls used represent wide variation in their breeding records and 
physical and chemical characteristics of the ejaculates. 

Samples were collected with an artificial vagina with precautions to 
avoid temperature shock and were held at a standard temperature until 
the respiration determinations were begun. In all cases the first readings 
were taken between 90 and 120 minutes after the ejaculate. A modified 
Barcroft-Warburg respirometer at 37® C. was used for measurement of 
oxygen consumption. Measurements were made in a buffered seminal fluid 
medium either by dilution with phosphate buffer or removal of one-half 
the seminal fluid after centrifugation and making up to volume with phos¬ 
phate buffer. A staining technique for differentiation of living and dead 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 842. 
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spermatozoa was used for calculatinp: the results on the basis of number of 
living? spermatozoa as well as total number of spermatozoa. 

Samples maintaining a 2 motility rating an average of 156 hours on 
storage at 40® F. had over twice the oxygen consumption of samples sur¬ 
viving less than 24 hours on storage. Intermediate samples in length of 
survival on storage were intermediate in volume of oxygen consumption. 
There was a closer relation between the survival time of individual samples 
and respiration rate than of the average survival time of a given sire's 
ejaculates and his average respiration rate. 

Three groups of samples according to their per cent of abnormal sper¬ 
matozoa had a decreasing oxygen consumption with increasing numbers of 
abnormal spermatozoa. 

Centrifuging lowered the oxygen consumption of the sperm suspension 
as compared to control samples; however, the number of living spermatozoa 
was also decreased, while oxygen consumption per billion living spermatozoa 
remained essentially the same. 

Addition of seminal fluid caused a stimulation of oxygen uptake above 
the rate of washed spermatozoa in phosphate buffer. The increase was much 
greater than accounted for by the oxygen uptake of the seminal fluid alone. 

The oxygen uptake of the seminal fluid represented quite wide ranges in 
the percentage of total oxygen consumption of sperm suspension and could 
not be accurately estimated from measurements of the buffered semen 
samples. 

P22. The Breeding Efficiency of Dairy Bulls Used Both Artifically and 
Naturally.* E. R. Berousbk, Dept, of Dairy Husbandry, Univ. 
Mo., Columbia, Mo. 

A survey of the literature concerning the artificial breeding of over 
10,000 dairy cows indicates that approximately 1.7 services per conception 
were required as compared to approximately 2.2 services per conception for 
approximately the same number of cows in various herds where natural 
breeding was practiced. The records concerning artificial breeding cover 
only the past four years, whereas those for natural breeding are taken from 
reports dating back as early as 1900. In order to compare natural vs. arti¬ 
ficial breeding efficiency, half the Missouri Station dairy herd was bred nat¬ 
urally and the other half artificially for a 2-year period (1937-1939). Dur¬ 
ing this period artificial breeding required 1.59 services and natural 
breeding 1.66 services per conception. 

The study reported herein includes 14 bulls used both artificially and 
naturally—8 Holsteins, 5 Jerseys, and 1 Guernsey. Only records of cows 
or heifers which have proved to beifertile are included in this summary. A 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 841. 
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few animals suffering genital abnormalities, and failing to conceive irrespec¬ 
tive of the sire or breeding method used, have been eliminated from the 
averages. 

The eight Holstein bulls settled 209 cows with 347 natural services with 
an average of 1.66 services per conception. Semen from the same bulls used 
to inseminate 127 cows resulted in 67 pregnancies or 1.89 services per con¬ 
ception. The average service rate per bull ranged from 1.33 to 2.02 for 
natural breeding and from 1.00 to 5.00 artificially. One bull was used 146 
times naturally and settled 90 cows with an average service rate of 1.62. 
The same used 67 times artificially settled 34 cows with an average of 1.97 
services per conception. Another bull used only four times naturally settled 
three cows. Semen from the same bull was used to inseminate five cows and 
all five of them conceived. One young bull was used 9 times artificially 
and all 9 cows were settled. He was never used naturally and is not 
included in this report. 

One hundred and fifty-one cows were bred naturally by the five Jersey 
bulls and 95 of them conceived for an average of 1.59 services per concep¬ 
tion. One hundred and six cows were artificially inseminated with semen 
from these bulls and 49 settled, requiring 2.16 services per conception. The 
service I’ate per concejition ranged from 1.38 to 4.66 for naturally bred and 
1.32 to 4.25 artifi(dally. 

The Guernsey bull served 49 cows with 31 pregnancies resulting, or 1.58 
services per conception. Twenty cows bred artificially, of which 12 con¬ 
ceived, required 1.67 services per conception. 

The 14 bulls had a total of 547 services with 335 conceptions when used 
naturally and 253 inseminations with 128 conceptions when used artificially. 
The average number of services per conception was 1.63 and 1.98, respec¬ 
tively. There were many variations per individual service rate. Pour bulls 
had a lower service rate per conception when used artificially than when 
used naturally as compared to nine bulls whose lowest service rates were 
obtained when used naturally. One bull had the same service rate per 
conception for each method. 

The lower efiSciency of artificial breeding is not considered significant 
because in many cases semen stored for 24 to 72 hours was used. A few of 
the bulls used in the herd in recent years were old proved sires low in fer¬ 
tility and during this time most of the breeding has been done by artificial 
means. All factors considered, it is concluded that there is little difference 
in the service rate of natural and artificial breeding. 

P23. A Comparison of Artificial vs. Natural Service in Heifers When 
Bred to the Same Sire. C. E. Shuart, 0. L. Lepard, and J. W. 
Bartlett, N. J. Agr. Expt. Sta., New Brunswick, N. J. 

Forty-four virgin Holstein and Guernsey heifers were alternately 
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selected within each breed for artificial or natural service as they reached 
18 months of age. Only heifers which had previously shown normal oestrus 
cycles were selected. 

The sires were virgin Holstein and Guernsey bulls. All heifers were 
served naturally or artificially to these bulls according to their grouping 
and breed. The breeding was limited to one service or one ejaculate unless 
four or more days had elapsed since a sire had been used. In this case two 
services were allowed or two ejaculates collected. If more than one animal 
was bred naturally to the same sire on the same day, six hours elapsed 
between services. Likewise if one animal was bred naturally and another 
artificially inseminated, six hours elapsed between the service and collection. 
All inseminations were made immediately after collection and examination 
with undiluted semen. Examinations for pregnancies \rere made at approx¬ 
imately sixty days after the last service. 

The study shows a significant difference in conception rate between the 
two groups. The 22 animals artificially inseminated required 24 services, 
giving a conception rate of 1.06 (services per conception) with 90.6 per cent 
conceiving on first service. The 22 heifers bred naturally required 37 ser¬ 
vices, giving a conception rate of 1.67 (services per conception) with 63.6 
per cent conceiving on first service. 

P24. The Availability of Carotene in Alfalfa Hay as Compared with 
Carotene in Oil. J. H. Hilton, J. W. Wilbur, R. J. Westfall, 
AND S. M. Hauqe, Purdue Univ., Lafayette, Ind. 

Two groups of two Guernsey cows each were used in feeding trials to 
determine the relative availability of carotene in dehydrated alfalfa hay as 
compared with carotene dissolved in oil. The body stores of vitamin A in 
the cows were depleted in a preliminary feeding period by feeding a vitamin 
A deficient ration. In successive feeding periods, the carotene of the hay 
and the carotene in the oil were equilibrated at levels of 130, 200, 300 and 
200 milligrams daily during the respective feeding periods. 

Biological assays of the milk fat secreted by the two groups of cows on 
the respective rations indicate that dairy cows can utilize carotene in plant 
tissues as readily as isolated carotene. 

P2S. The Cause of the Initiation of Lactation at Parturition.*** Joseph 
Meites and C. W. Turner, Dept. Dairy Husbandry, Univ. Mo., 
Columbia, Mo. 

In most animals the mammary glands reach a full state of development 
during pregnancy, but usually there is littie or no milk secretion until after 
parturition. The study of the Ipetogenic hormone in the pituitary of 

* Contribution from the Department of Dair^ Husbandry, Missouri State Agricultural 
Experiment Station Journal Series No. 837. 
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numerous animals duriiij? prej^nancy and lactation has consistently revealed 
that the lactogen content of the pituitary remains relatively low during 
pregnancy, but increases sharply following parturition. The conclusions 
were drawn, therefore, that (1) the lactogen content of the pituitary was 
intimately associated with mammary secretion; (2) the low lactogen content 
of the pituitary during pregnancy probably accounted for the relative ab¬ 
sence of milk secretion during this period; and (3) at parturition, some 
activating factor was responsible for the increase in the lactogen content of 
the pituitary and the consequent onset of lactation. 

Experimentally, the administration of estrogen has been found to greatly 
increase the lactogen content of and secretion by the pituitar^^, and also to 
initiate milk secretion in suitably prepared mammary glands. Small or 
moderate amounts of estrogen were shown to be more effective in these re¬ 
spects than large dosages of hormone. By administering estrogen for only 
5 days into mature female rats or into immature guinea pigs of either sex, 
it was found possible to increase the lactogen content of the pituitary by 
more than 200 and 400 per cent, respectively, or to levels higher than or 
equal to the amount of lactogen present in the pituitaries of these animals 
after parturition. 

During the course of pregnancy, despite the greatly increased amounts 
of estrogen which are known to be present, there is little or no increase in 
the lactogen content of the pituitary. Apparently, some factor overrides 
the stimulating effect of estrogen on the pituitary during this period. This 
is not entirely unexpected, however, since other physiologic effects of estro¬ 
gen are also overriden during pregnancy. Thus, (1) estrus is suppressed, 
(2) ovulation is inhibited, and (3) the uterine musculature remains rela¬ 
tively quiescent. There is good reason to believe that it is progesterone 
which overrides all these normal physiologic effects of estrogen during preg¬ 
nancy. Thus, if the corpora lutea are removed during advanced pregnancy 
in some animals, the fetus or fetuses are expelled, ovulation and estrus set 
in, and milk secretion is initiated. On the other hand, if the corpora lutea 
are maintained, or if progesterone is administered, pregnancy can be pro¬ 
longed beyond the normal span of time. 

It is the belief of the writers, therefore, that during pregnancy, proges¬ 
terone overrides the stimulating effect of estrogen on the lactogenic hormone 
of the pituitary, but at parturition with the removal of progesterone from 
the organism, estrogen is able to instigate a rapid increase in the lactogen 
content of the pituitary and thus initiate lactation. The experimental basis 
for this theory will be presented. 

On the basis of this theory, jit appears probable that moderate doses of 
estrogen administered after parturition may prove beneficial in cases of 
hypogalactia in animals, provided that such abnormalities are caused by a 
deficiency of lactogenic hormone. 
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P26. Prehypophyseal Hormone (Mammogen) Control of Mammary De¬ 
velopment.* E. T. Gomez, Division of Nutrition and Physiology, 
Bureau of Dairy Industry, U.S.D.A., Washington, D. C. 

Stimulation of growth of the duct sjTstem of the mammary glands of 
hypophysectomized-castrated guinea pigs has been induced either by im¬ 
planting (2 cases) or injecting (8 cases) 20 to 50 mg. of fresh prehypoph¬ 
yseal gland tissue from male or female guinea pigs. The material was 
injected in saline suspension, the dose being apportioned over a period of 
10 days. The total material obtained by extracting the same amount of 
fresh prehypophyseal gland tissue with a warm mixture of absolute ethyl 
alcohol (8 parts) and ether (U.S.P., 2 parts) was injected, similarly appor¬ 
tioned, in 10 daily administrations. This resulted in growth of the mam¬ 
mary glands, equaling that of early pregnancy, in hypophysectomized- 
castrated guinea pigs of either sex (10 cases). The extract showed no histo¬ 
logical evidence of reparative effect upon the atrophied thyroid and adrenals 
of the test animals; there was no body growth-promoting effect; and, in the 
females, cornification of the vaginal epithelium was not manifest. 

Administered in dosages equivalent to 5 times (100 mg.) the above mini¬ 
mum effective dose level of fresh prehypophyseal glands (20 mg.), the 
alcohol-ether extracted glands showed no mammary gland growth-promoting 
activity (maramogenic) in hypoph>"sectomized-castrated guinea pigs (4 
cases). 

Ten mg. of an impure preparation which contained the lactogenic hor¬ 
mone, when administered daily for 10 to 15 days, either alone (2 cases) or 
in combination with 75 I.TJ. of estrone (2 cases) or with 5 mg. of proges¬ 
terone (2 cases) or 5 mg. of desoxycorticosterone (2 cases), did not cause 
growth of the mammary glands of hypophysectomized-castrated male or 
female guinea pigs. 

More recently, it has been found that the daily administration of 25 mg. 
of the lactogenic hormone alone for 10 days causes a slight growth stimu¬ 
lation of the duct system of the mammary glands of hypophysectomized- 
castrated guinea pigs. The duct growth response was improved when 75 
I.U. of estrone was administered daily in addition to the lactogenic hormone 
treatments (2 cases). 

The response noted above with 25 mg. was not obtained, either with or 
without estrogen, when the lactogenic hormone was pre-treated with warm 
alcohol-ether mixture (2 cases) although the preparation still possessed 
lactogenic activity. The original as well as the alcohol-ether treated lacto¬ 
genic hormone preparation was found to have, in addition to its lactogenic 
property, appreciable thyrotrophic, gontfdotrophic, and adrenotrophic 
activities. » 

* This research was supported by an appropriation from Bankhead-Jones funds 
(Bankhead-Jones Act of June 29,1935). 
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The animals used in the above experiments were hypophysectomized and 
castrated at 6 weeks of age, when they weighed from 150 to 200 g. The 
treatments with all these operated animals were started 60 to 100 days after 
J^yp^^pliysectomy. The mammary gland growth was determined by study of 
the whole mounts of stained and dissected glands. 

P27. The Effect of Adrenalectomy on the Lactogenic Hormone and 
Initiation on Lactation.* J. L. Tkentin, J. Meites, and C. W. 
Turner, Dept, of Dairy Husbandry, Univ. Mo., Columbia, Mo. 

It has become well established that the adrenals are essential for normal 
lactation. It has not yet been adequately determined, however, whether the 
injurious effects of adrenalectomy upon lactation are due entirely to the 
abnormalities w'hich are known to arise in salt, water, and carbohydrate 
metabolism, or also because of detrimental effects on the lactogenic function 
of the pituitary. It was to shed some light on this second possibility that 
the present investigation was undertaken. 

Evidence has been presented elsewhere showing that (a) experimentally, 
estrogen can increase the lactogenic potency of the pituitary and initiate 
lactation, and (b) that estrogen is probably the active agent responsible for 
the natural increase in pituitary lactogen and initiation of lactation at par¬ 
turition. Answers were sought, therefore, to the following questions: (1) 
What is the effect of adrenalectomy on the normal lactogen content of the 
pituitary? (2) Does adrenalectomy affect the ability of estrogen to aug¬ 
ment the lactogen content of the pituitary? (3) Can adrenalectomy during 
pregnanej^ prevent the normal rise in pituitary lactogen and initiation of 
lactation which occur at parturition? 

The following results were obtained. Fifteen normal female albino rats 
contained an average of 5.05 Reece-Turner Units of lactogenic hormone per 
pituitary, while two groups of adrenaleetomized rats (total of 33) contained 
an average of 3.91 and 3.75 R-T.U. of lactogen, respectively. This signifi¬ 
cant reduction in pituitary lactogen following adrenalectomy may be due 
to (a) a direct effect on the pituitary, (b) suspension of the estrus cycle, 
or (c) reduction in food intake. 

The administration of 1000 I.U. of estrone into 10 intact female rats 
increased the average lactogen content of the pituitary to 15.75 R-T.U., or 
about 212 per cent, while the same amount of estrone injected into 14 
adrenaleetomized rats increased the average lactogen content of the pitui¬ 
tary to only 10.87 R-T.U., or about 115 per cent. Although the results 
obtained on adrenaleetomized guinea pigs were less conclusive, the available 
data indicate that estrogen injected into such animals elicits the same 
increase in pituitary lactogen as in intact guinea pigs. 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 836. 
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Albino and white hooded rats which were adrenalectomized during the 
last week of pregnancy showed the same increase in pituitary lactogen 48 
hours after parturition as did intact parturient rats. Milk was present in 
the mammary glands of the adrenalectomized mother rats and also in the 
stomachs of their living young, but not in amounts equaling that found in 
intact rats. It is concluded, therefore, that the failure of rats adrenalec¬ 
tomized during pregnancy to lactate sufficiently following parturition is not 
due to a deficiency of lactogenic hormone in the pituitary. This conclusion 
is supported by the fact that lactation cannot be initiated or maintained in 
adrenalectomized animals by administering lactogenic hormone. 

P28. The Influence of Thyroxine upon the Stimulation of Mammary 
Lobule-Alveolar Grovirth.* John P. Mixner, Dept, of Dairy 
Husbandry, Univ. Mo., Columbia, Mo. 

Ovariectomized virgin female mice were used as assay animals in a study 
to determine the influence of thyroxine upon the stimulation of mammary 
lobule-alveolar growth by progesterone and estrone. The criterion of re¬ 
sponse was the percentage of mice showing positive mammary lobule-alveolar 
responses after 10 daily subcutaneous injections of the test substances. 

Thyroxine at an optimal level increased significantly the percentage of 
mice which responded with mammary lobule-alveolar growth to minimal 
doses of progesterone and estrone. There was an increase of 25 per cent 
in the efficiency of progesterone and estrone in causing such growth. 

Thyroidectomy inhibited the ability of the mice to respond to proges¬ 
terone and estrone with mammary lobule-alveolar growth. 

These observations are taken to indicate that the injection of thyroxine 
or the feeding of thyroprotein during pregnancy might cause greater stimu¬ 
lation of the mammary lobule-alveolar system and thus the potential capac¬ 
ity for milk secretion in subsequent lactation periods. This is in addition 
to the already recognized stimulating effects of these substances upon the 
secretion of milk and milk fat during lactation. 

P29. The Effect of Thyroxine on Rate of Growth and Efficiency of 
Weight Increment^ Marvin Kogbr and C. W. Turner, Dept, 
of Dairy Husbandry, Univ. Mo,, Columbia, Mo. 

Immature virgin female mice were given subcutaneous injections of 
crystalline thyroxine in dosages varying from 0.015 mg. to 0.04 mg. daily. 
During an experimental period of 5 weeks, the thyroxine treated mice gained 
38 per cent more weight and consumed 25 per cent more feed than suitable 
* Contribution from the Department of Daily Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 840. ^ 

t Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 834. 
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controls. The treated animals also stored more nitrogen, while the controls 
retained more fat. 

The thyroxine injected animals gained more in body weight and stored 
more nitrogen per unit of feed intake than did the controls. This increased 
mobilization of nitrogen is of particular interest since it may partially 
explain the mechanism whereby thyroxine treatment increases milk produc¬ 
tion and rate of growth of animals. 

Similarly, the artificial Ihyroprotein (thyrolactin) was fed and injected 
into comparable groups of mice for similar periods of time. The growth 
rate of the experimental animals in both cases exceeded the normal controls. 

It is suggested that other animals may respond to proper thyroxine treat¬ 
ment in a manner similar to mice. 

P30. Growth and Energy Metabolism of Thyroidectomized Cattle.* 

Samuel Brody, Dept, of Dairy Husbandry, Univ. Mo., Columbia, 
Mo. 

The manner in which size and energy metabolism change with age in a 
thyroidectomized Jersey heifer in contrast to that of a normal control will 
be illustrated with slides and the practical implications noted. Removing 
the thyroids at 54 days of age led to reduction in mature body weight by 
50 per cent and heat production (metabolism) per square meter by nearly 40 
per cent. The animal was completely undeveloped sexually at years of 
age. The administration of Reineke^s and Turner’s ‘‘thyrolactin” for 
three months brought on the first heat period. 

P31. The Effect of Thyrolactin on Milk Production, Metabolism, and 
Growth.f E. P. Reineke, Dept, of Dairy Husbandry, Univ. Mo., 
Columbia, Mo. 

Data are presented to show the physiologic effects elicited by the adminis¬ 
tration of thyrolactin, a preparation of iodinated casein prepared under 
such conditions as to yield a compound with high thyroidal activity. When 
administered to tadpoles, either orally or parenterally, thyrolactin stimu¬ 
lates precocious metamorphosis. The percentage decrease in body length of 
tadpoles is proportional to the logarithm of the thyrolactin dosage. The 
percentage increase in oxygen consumption of normal, partially-fasted 
guinea pigs in response to graded doses of thyroxine, given orally, also varies 
with the logarithm of the dosage. Typical preparations of thyrolactin pro¬ 
duce 1 per cent of the response of an equivalent weight of thyroxine when 
given orally to guinea pigs and 2.7 per cent of the thyroxine response when 
injected intraperitoneally into frog tadpoles. 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 832. 

t Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 839. 
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Photo{?raphs and growth curves are presented to show the effectiveness 
of thyrolactin in supporting growth and alleviating the symptoms of cretin¬ 
ism of young female goats that were thyroidectomized shortly after birth. 
Beginning with a dosage of 0.5 gm. daily, the thyrolactin was gradually 
increased, reaching 2 gm. daily after approximately one year. All animals 
so treated grew steadily and retained a normal body confirmation. Adminis¬ 
tration of thyrolactin to an animal in advanced stages of cretinism resulted 
in rapid improvement. Fed to a three-year-old thyroidectomized Jersey 
heifer in amounts of 3 to 20 gm. daity, depending upon the potency of the 
material used, thyrolactin stimulated increases in metabolism of 20 to 30 
per cent. The increased metabolism was accompanied by an improvement 
in appearance and vigor and the initiation of normal estrus cycles. In¬ 
creases were noted in the milk yield, milk fat percentage and yield of butter- 
fat of lactating cows after feeding thyrolactin for a three-day period. 

P32. The Chemical Formation of Highly Active Thyroprotein.* E. P. 

Reineke, Dept, of Dairy Husbandry, IJniv. Mo., Columbia, Mo. 

It is demonstrated that the extent of formation of thyroidal substance 
during and subsequent to the iodination of proteins depends upon the con¬ 
ditions of the reaction. When the iodination is conducted in a medium buf¬ 
fered with sodium bicarbonate, thyroidal activity does not attain the maxi¬ 
mum until sufficient bicarbonate has been added to maintain the pH within 
the range of 6.8 to 8.0. With the concentration of bicarbonate held within 
the optimal range, the iodine concentration becomes a controlling factor in 
the formation of thyroidal substance. When the iodine concentration is 
increased progressively in succes.sive preparations, the thyroidal activity of 
the resulting product reaches a maximum when sufficient iodine, has been 
combined to substitute two atoms per mole of tyrosine in the protein. 
Further iodination leads to significant losses in activity. When the con¬ 
centration of both the iodine and bicarbonate is held constant at the optimal 
levels, further significant increases in thyroidal activity are obtained by 
proper control of the iodination and incubation temperature. If both the 
iodination and incubation are conducted at 38® to 40® C., the reaction in¬ 
volved in the formation of the thyroidal substance soon comes to equilibrium, 
and no further increase in activity occurs no matter how long the incubation 
period is extended. The resulting products produce one per cent of the 
response of thyroxine when assayed orally on guinea pigs or 2.7 of the 
thyroxine response when injected into frog tadpoles. A pronounced in¬ 
crease in thyroidal activity can be obtained by elevation of the temperature 
to 60® C. or above either during or subsequent to iodination. The reaction 
is apparently catalyzed by a metfl or combination of metals contained in 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 838. 
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brass. TIVith the concentration of iodine and bicarbonate at the optimal 
level, the incubation temperature at 65° to 70° C. and in the presence of a 
brass stirrer, the thyroidal activity of the resulting product is four per cent 
of that of thyroxine as assayed orally on guinea pigs or 10.6 per cent as 
measured by injection into tadpoles. When compared on an equal iodine 
basis, the effect on tadpoles is equivalent to that of synthetic thyroxine. 
Crystalline thyroxine has been recovered from a barium hydroxide liydrol- 
ysate of iodinated casein, and its identity has been established by its micro¬ 
scopic structure, iodine content, melting i)oint, spectrographic absori)tion, 
and tadpole assay. 

P33. Methods for Prolactin Assay Including Data on the Anterior 
Pituitary Prolactin Content of Dairy and Beef Cattle and Fe¬ 
male Rabbits in Several Physiological Conditions.*^ S. R. Hall 
AND B. H. Nicolet, Division of Nutrition and Physiology, Bureau 
of Dairy Industry, U.S.D.A., Washington, D. C. 

Two methods of assay with pigeons—the systemic crop-sac weight and 
the intradermal local—were studied. With the systemic method, using 
exclusively 6-week-old, white Carnoau pigeons, a more than 2-fold variation 
in response, over a 1-year period, was noted on groups of 10 or more birds 
receiving the same amount of the same material (confirming Bates and 
Kiddle). The dose-response relationship of Riddle and Bates was confirmed 
only for crop-sac stimulation above approximately 2,300 mg. Below this 
level of response, the slope of the regression line is not as steep as that pro¬ 
posed by the above authors. The influence on the response of route of 
administration, volume of solution injected, and sex of the birds, was also 
considered. 

By the method of comparing, in the same bird, one crop-sac with the 
other, after a 4-day intradermal local injection period (method of Reece 
and Turner) the dose-response curve for extracts and suspensions of an¬ 
terior pituitary tissue, International Standard prolactin, and purified pro¬ 
lactin, was investigated. It was found by this method that the volume of 
solution injected, the position of the local injection with respect to succeed¬ 
ing injections, and the presence of muscle extract in purified prolactin 
solution, were all factors in the response. 

Also with this method, acetone dried anterior pituitary powder when 
administered as a suspension was found to give about the same response as 
one-fifth as much of the same material injected as an extract. Two samples 
of bovine anterior pituitary material, one of which was found to be about 
twice as potent as the other for prolactin by the systemic method, were not 
distinguishable when tested as suspensions. Yet doubling or halving the 
amount of a suspension did lead to a noticeable difference in response. 

* This research was supported hj an ai>propriation from Bankhead-Joiics funds 
(Bankhead-Jones Act of June 29, 1935). 
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The amount of variation in response to the same dosage in a group of 
birds of the same age and breed was very great. This held for minimum 
responses as well as for greater. However, under the proper conditions, 
comparison of the two crop-sacs of the same bird at several levels of response 
was regarded as satisfactory. 

A few assays by the systemic weight method on dairy animals with 
known history did not indicate more pituitary-contained prolactin than from 
prime beef steers. Inadequacy of material for an acceptable comparison 
between dairy and beef cattle necessitated the use of slaughterhouse mate¬ 
rial. Bulls, cows, and heifers were compared. Assay data from this 
material by the systemic method on pigeons of the same shipment, as well 
as assays of extracts by the intradermal local method, does not confirm Reece 
and Turner in their conclusion that there is more prolactin in the anterior 
pituitary from dairy breeds of cattle than from comparable beef breeds. 
Reece and Turner used suspensions of acetone-dried material. 

The 2 methods both showed that the sexually mature virgin female con¬ 
tained less prolactin than did the 20-day-pregnant animal. The latter 
contained about as much as the 8-day-postpartum suckled doe. Pseudo¬ 
pregnant, pseudopregnant spontaneously lactating, and 20-day-pregnant 
does all contained about the same amount of prolactin. It was also found 
that the stimulus from suckling brought about perhaps more of a decrease 
in pituitary prolactin content than was found by Holst and Turner. It is 
to be noted that we find about five times as much prolactin in the pituitaries 
of rabbits and cattle in comparison with the International Standard as do 
the Missouri workers. The approximately 80 per cent of the prolactin not 
accounted for in their assays, due to the use of suspensions, probably ex¬ 
plains most of the differences between their results and ours. The use ot‘ 
the two crop-sacs of the same bird for comparison, as first proposed by Reece 
and Turner, and which the Missouri group has not always followed, would 
also probably lead to better agreement with our results. 

P34. An Intravenously Active Ovulating Factor in the Juice of Corn and 
Oat Plants.* J. T. Bradbury and R. B. Hodgson, Division of 
Nutrition and Physiology, Bureau of Dairy Industry, U.S.D.A., 
Washington, D. C. 

The investigation of the nature of the rabbit-ovulating factor which, as 
described by Friedman (1934), occurs in plant juices and is active when 
injected intravenously into the rabbit, has been continued. This active 
material can be precipitated from plant juices either by means of benzoic 
acid or by the addition of sulphuric acid to pH 4. Aqueous solutions (pH 
7.4) of these acid precipitates are frequently very toxic and may produce 

*Thi8 research was supported by an appropriation from Bankhcad-Jones funds 
(Banhhead-Jones Act of June 29, 1935). 
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symptoms suggestive of snuffles within a few hours after intravenous admin¬ 
istration to a rabbit. Repeated precipitations of the aqueous extracts at 
pH 4 followed by desiccation with acetone, reduces the toxicity to such an 
extent that ovulation may be induced with extracts that were lethal initially. 
Temperatures as high as 85° C. do not destroy the active material in plant 
juice but are helpful in reducing the toxicity of the extracts. 

Corn and oats grown in the greenhouse during the wdnter months have 
not yielded active extracts. The variation in potency of field-grown plants 
has been great (10 to 125 ovulating doses per liter of juice) but these fluc¬ 
tuations have not been correlated either with the stage of development of 
the plant or the season of the year. Samples of juice were sealed into tinned 
cans and stored in the freezing room. Preparation of extracts and testing 
of these frozen juices at frequent intervals have demonstrated that frozen 
juice will retain its potency for at least 22 months. Furthermore it has 
been shown that in the late summer and fall there is such a marked decrease 
in the sensitivity of the rabbit that negative tests were obtained from 
August to November with doses of extract that gave positive tests in early 
summer and then again from January to May. 

The seasonal variation in the sensitivity of the rabbit is such that a differ¬ 
ent test animal would be desirable. Preliminary experiments have shown 
that intravenous or intraperitoneal injection of these plant extracts will 
induce pseudopregnancy in the adult estrous rat. The usual gonadotrophic 
hormone assay method of subcutaneous injection into the immature female 
rat has given negative results in doses that varied from one half to 4 times 
the effective dose in the rabbit. Feeding of these preparations has not given 
any indication of being active orally. Further chemical purification and 
studies on the physiological action of this substance will be necessary before 
any suggestion can be made for its practical use. 

P35. Further Evidence of the Existence and Specificity of an Orally 
Active Sex Maturity Factor(s) in Plant Juice Preparations.* 

E. T. Gomez, Div. of Nutrition and Physiology, Bureau of Dairy 
Industry, Washington, D. C. 

The presence of a factor (s) in the juice of the young oat plant that is 
capable of inducing precocious puberty when administered per os to imma¬ 
ture rats was reported last year (36th Annual Meeting Amer. Dairy Sci. 
Assoc. June 1941). The study of this material has been continued. Prepa¬ 
rations obtained from the juice of freshly cut young oat and corn plants, that 
were collected during the growing season of 1941, as well as from the juice 
of oat plants that were collected*in 1940 and frozen and stored for as long 
as 574 days in a refrigerating room maintained at -10° C., have brought 

* This research was supported by an appropriation from Bankhead-Jones funds 
(Bankhead-Jones Act of June 29, 1935). 
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about vaginal patency (precocious puberty) in rats at 27 to 32 days of age 
when fed to them beginning at 21 to 22 days of age. In the following report, 
this plant material will be referred to as SMF (sex maturity factor). 

Sixteen 21- to 22-day-old rats were fed an SMF preparation from oat or 
corn juices in amounts each totaling from 200 to 2,000 mg. during the 
experiment. Fourteen of these rats, which received from 325 to 2,000 mg. 
of SMF, showed vaginal patency when 27 to 32 days of age. Autopsy of 
these rats 24 to 48 hours after vaginal patency occurred revealed ovaries 
w ei ghing from 19 to 31.0 mg. and uteri from 53.0 to 125.0 mg. A like num¬ 
ber of litter mate control rats, autopsied simultaneously had ovaries weigh¬ 
ing from 15.0 to 18.0 mg., and uteri weighing from 35.0 to 42.0 mg. Gross 
and histological examinations of reproductive organs revealed varying de¬ 
grees of development of the follicles or corpora lutea, or both, in the ovaries 
and there was evident hyperplasia of the endometria. The vaginas of the 2 
remaining rats, which received a total of 200 mg. of the preparation of 
SMF, were closed when autopsied at 32 days of age. The weights of their 
ovaries and uteri were within the range of those of the controls. 

The feeding to each rat of a total of 1,200 p gm. of vitamin B (alpha- 
tocopherol) or 400 mg. of vitamin C (Cevitamic Acid, Merck), or 350 mg. 
of glutathione or of 1,000 mg. of desiccated anterior pituitary tissue of cattle 
in addition to the basal diet, did not bring about the early vaginal patency of 
immature rats. 

Female pups (foster or otherwise), nursed by a mother fed a potent 
SMF preparation, beginning at 1 week before or immediately after parturi¬ 
tion, showed vaginal patency when 10 to 14 days of age. Autopsy of these 
pups (9 cases), 24 hours after vaginal patency, revealed ovaries weighing 
from 7.0 to 10.0 mg., and uteri from 21.0 to 29.0 mg. A like number of 
control pups (nursed by stock mothers), autopsied simultaneously, had 
ovaries weighing from 2.0 to 4.0 mg., and uteri from 8.0 to 17.0 mg. 

Male pups (7 cases) nursed by SMF fed mothers were autopsied when 
15 days of age. The average weight of the gonads was 76.0 mg.; the com¬ 
bined weights of the prostate and seminal vesicles, 25.0 mg.; and seminal 
vesicles alone, 9.0 mg. The corresponding weights for control pups of the 
same age were 42.0,11,8, and 3.4 mg., respectively. 

P36. Some Possibilities for the Use of Diethylstilbestrol in Dairy Cattle.* 
A.'A. Lewis, Dept, of Dairy Husbandry, Univ. Mo., Columbia, Mo. 

Diethylstilbestrol has been shown to cause copious and prolonged millr 
secretion in virgin and dry dairy animals following injection, percutaneous 
application to the udder, subcutaneously implanted pellets, or oral admin¬ 
istration. ' 

* Contribution from the Department of Dairy Huabandiy, Mimouri Agricultural Ex- 
periment Station Journal Series No. 829. 
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Diethylstilbestrol is being used commonly by doctors to relieve the edema, 
caking, and inflammation of breasts at parturition. Similarly, diethylstil¬ 
bestrol may be found useful in dairy cattle at this time when the udder is 
caked, swollen and painful. 

There are a number of reports that the use of estrogens is beneficial in 
some cases of sterility in cattle. Diethylstilbestrol, being a very active 
estrogen, and cheap, may have some promise in this condition. 

Another possibility for the use of diethylstilbestrol in dairy cattle is after 
abortion in the last half of pregnancy. The mammary glands are prepared 
for the next lactation by the sixth month of pregnancy. During the last 
three months what occurs in heifer udders is mostly the beginning of secre¬ 
tion and a swelling of the udder vrith the accumulation of secretion. Then 
at calving there is a surge of milk production, due, according to present 
evidence, to the action of estrogenic hormone in increasing the production 
of lactogen from the anterior pituitary. In abortion this increase in lac¬ 
togen may be missing because estrogen has not acted on the pituitary gland. 
If estrogen is supplied by the injection of diethylstilbestrol it should improve 
the milk production from such cows. 

The possibilities for use of diethylstilbestrol in dairy cattle are great 
because of its cheapness and great activity. It may be found useful in 
bringing into production sterile cows which would otherwise be lost to the 
herd. It may prove beneficial on caked udders at calving, in some cases of 
sterility, and after abortion. In addition, there are probably other untried 
po.ssibilities for the use of diethylstilbestrol in dairy cattle. Experimental 
exploration of these possibilities is indicated. 

P37. The Influence of Ascorbic Acid on the Gonadotropic Hormone Con¬ 
tent of the Male Rat Pituitary Gland.* R. P. Reece and E. J.- 
Weatiiebby, N. J. Agr. Expt. Sta., New Brunswick, N. J. 

Evidence from several laboratories suggests that ascorbic acid may have 
an influence on reproductive processes. Because of the established role of 
gonadotropic hormones in reproduction it was thought worthwhile to deter¬ 
mine the effect of ascorbic acid on pituitary gonadotropic hormone content. 

Thirty sexually mature male rats were paired on the basis of body 
weight and age and one of each pair was injected subcutaneously daily for 
fifteen days with 15 mg. of ascorbic acid. The day after the last injection 
all of the rats were killed and their pituitary glands weighed. The 
gonadotropic hormone content of the pituitary glands was estimated by 
injecting a suspension of each pituitary in eight divided doses over a four- 
day period into a 24-to-26-day-old rat. The recipients were killed 100 hours 
after the first injection and the ovaries were weighed. 

* Journal Series Paper of the New Jersey Agricultural Experiment Station, Eutgers 
University, Department of Dairy Husbandry. 
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The mean differences of the individual comparisons of the ovarian 
weights were not significant, thus indicating that the ascorbic acid treatment 
had no infiuence on pituitary gonadotropic hormone content. 

P38. Vitamin D, the Parathyroid Glands, and Calcium Metabolism.* 
I. L. Campbell, Dept. Dairy Husbandry, Univ. Mo., Columbia, Mo. 

The parathyroid gland is normally the key regulator of calcium metabo¬ 
lism within the animal body. Its varying activity equates the supply of 
calcium to the demand for calcium—supply being represented by food 
calcium absorbed together with mobilizable reserve bone calcium, and 
demand by the calcium required by the animal for growth, maintenance, 
and production. 

Lactation entails a greatly increased demand for calcium. Data are 
presented which show that the parathyroids of lactating rabbits are greatly 
increased in weight over those of normal females, even though these animals 
are fed good quality alfalfa hay ad lib. and a grain mixture containing one 
per cent bone meal. This hypertrophy is related to the amount of milk 
secreted, for when the number of young suckling is reduced to two, there is 
little increase in parathyroid weight. Heavy lactation involves an increased 
parathyroid activity. 

If the diet is low in calcium, increased parathyroid activity is required 
for the mobilization of reserve bone calcium. Data are given for normal 
rabbits and rats to illustrate this point. 

Vitamin D promotes the absorption and utilization of calcium. Rats 
subsisting over several months on a diet low in calcium and in Vitamin D 
have greatly enlarged parathyroid glands, but if the same ration has Vita¬ 
min D added, the glands are found to be significantly smaller, although still 
somewhat above normal size. Thus a sufficient supply of this vitamin tends 
to have a parathyroid-sparing action. 

P39. Oxygen Uptake and CO 2 Elimination of the Bovine Mammary 
Gland. W. B. Petersen and J. C. Shaw, Univ. Minn., St. Paul, 
Minn. 

The oxygen uptake and CO 2 elimination were determined from 157 
pairs of simultaneously drawn arterial and venous blood samples from 
both intact cows and perfusion experiments on active and inactive glands. 
The average oxygen uptake by the lactating gland of intact cows was 4.78 
volumes per cent with 5.59 volumes per cent CO 2 elimination. For perfused 
active glands the average values for O 2 and CO 2 were 7.52 and 7.37, respec¬ 
tively. For intact dry glands the O 2 uptake and CO 2 elimination was 5.28 
and 3.02 while the corresponding values for the perfused dry glands were 
6.79 and 7.32. 

* Oontribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 835. 
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The average respiratory quotients were: 1.20 for iiitaet lactating; 1.05 
for perfused laetating; 0.76 for intact dry; and 1.11 for perfused dry glands. 
The striking feature about the data is the great variation in O 2 uptake, CO 2 
elimination and respiratory quotients. The oxygen uptake for the lactating 
intact gland varied from 2.7 to 7.0 volumes i)er cent while the CO 2 elimina¬ 
tion in this group varied from 1.51 to 9.27 volumes per cent and the K. Q. 
from D.625 to 2.26. The variability for intact drj’^ glands was of the same 
magnitude as was also the ease with the perfusion experiments. 

No correlation between the glucose uptake and O 2 uptake or CO 2 elimina¬ 
tion was found. Nor were there any correlations between the time interval 
after milking and the drawing of the blood samples. It was also noted that 
the variations in O 2 consumption and CO 2 elimination were as great in the 
experiments where there were no blood volume changes as in the cases where 
there were marked changes in blood volume. 

P40. The Enzymatic Hydrolysis of Diacetin by Bovine Mammary Gland 
Tissue. Philip L. Kelly, Ark. Agr. Expt. Sta. 

Previous work on this project has indicated an active lipase was present 
in bovine mammary gland tissue which acted on such substrates as tri- 
butyrin, tripalmitin, trilauriu, and ethyl-oleate. While the activity per 
gram of tissue is not large, the total hydrolysis on the basis of total weight 
of secretory tissue in the gland would be quite a significant factor to consider 
in milk fat synthesis. 

In the work to be reported in this paper a substrate of smaller molecular 
weight, diacetin (glycerol diacetate) was used. With tissue previously pre¬ 
pared by drying with acetone and ether there was a great deal more enzy¬ 
matic activity with this substrate than a comparison with the substrates 
previously used would indicate. While diacetin as such is not an important 
compound in milk secretion, the fact that it is acted on so readily by tissue 
enzymes would indicate that similar compounds which are important in this 
process might be similarly affected. 

P41. The Effect of the Continuous Injection of Pitocin upon Milk and 
Milk Fat Production, C. B. Knout and W. E. Petersen, Univ. 
Minn., St. Paul, Minn. 

The injection of the oxytocic principle of the posterior lobe of the pitui¬ 
tary in the form of pitocin has been studied in relation to the ejection of 
milk in the mammary glands of the bovine. In this experiment an attempt 
was made to observe the effect of the injection of pitocin following each 
normal milking upon total milk and milk fat production as well as the 
percentage of milk fat. 

Pour cows were utilized in a double reversal type of experiment during 
a six week period. Two cows were injected following the regular milking 
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and then the “Pitocin Milk” was removed during the first and third four¬ 
teen day periods while the other two cows were injected only during the 
second fourteen day period with the first and third fourteen day periods 
serving as controls. One milliliter of pitocin (10 units) was used as the 
standard quantity for all injections. The injections were made intrajugu- 
larly immediately after the normal milking and the ‘‘Pitocin Milk” removed 
thereafter. 

These cows were in the late stages of lactation and a significantly higher 
total milk production was noted during the periods of injection as compared 
to the control periods of non-injection. Three of the cows showed an increase 
in the percentage of milk fat in the total milk produced during the period 
of injection while the results on the fourth cow were not as conclusive. 

A marked decrease was observed in total milk and milk fat production 
following the periods of injection. In all but one of the cows there was an 
increase in the proportion of “Pitocin Milk” with a concomitant decrease 
in normal milk production as the period of injection progressed. This 
observed decrease in normal milk may be due to the large amount of pitocin 
injected and while a smaller amount may produce a similar increase in total 
production the amount of normal milk might conceivably be increased or 
at least not so significantly decreased. 

It would appear from these experiments that both the amount of milk 
and milk fat produced may be dependent upon the completeness of the 
evacuation of the elveoli at the time of milking and that the failure of the 
cow to completely let down her milk may account for a rapid decline in milk 
production with the advance of lactation. 

P42. The Incidence and Control of Milk Fever. C. P. Monroe, W. E. 
Krauss, T. S. Sutton, and W. D. Pounden, Dairy Dept., Ohio 
Expt. Sta., Wooster, Ohio. 

The importance of preventing milk fever was impressed upon us in the 
maintenance of a herd of mature Jersey cows used in pasture investigations. 
These cows were bred so that they would calve in late winter and early 
spring, seasons of the year when the incidence of milk fever is high. 

In order to study the effect of the feeding program, the normal dry cow 
ration of corn, oats, wheat bran, minerals and salt was compared with 
one containing so-called conditioning feeds composed of oats, wheat bran, 
linseed oil meal, beet pulp, molasses, minerals and salt. These grain mix¬ 
tures were compared in two different years, so that all the cows received 
both mixtures. Out of 34 freshenings, there were 7 cases of milk fever, of 
which 4 were on the conditioning ration containing molasses. Although 
these data are too limited for definite conclusions, they do show that milk 
fever can occur even when the so-called conditioning feeds are used. 

Following this, irradiated yeast has been tried, since some work reported 
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l>y Sjollema indicated favorable results in preventinj? milk fever by forti- 
fhc ration with vitamin D, dry irradiated yeast in amounts to furnish 
approximately one million units of vitamin D daily to each cow has been 
fed for a period of 30 days previous to and one week following freshening. 
For a control, comparable cows have received the same general care and 
feedings but without the supplementary yeast. The investigation has been 
extended to not only include the Pasture Farm Herd, but also the main 
Experiment Station Herd and that of the Ohio State University. 

The data on this work accumulated to this time consist of 75 freshenings 
of Ayrshire, Guernsey, Holstein and Jersey cows, first parturitions not being 
included. 

The weight of the evidence indicates that the feeding of irradiated yeast 
reduced the incidence of milk fever. Although there have been cases of 
milk fever -when the yeast was fed, in some of these at least there existed 
complicating conditions which have nullified a possible benefit from the 
supplement. On the other hand, a “qualitative’’ analysis of the data from 
those cows known to be subject to this trouble suggests that the yeast feeding 
may have been of some benefit. 

In twenty-six freshenings of the milk fever “addicts” the incidence 
of milk fever was 73 per cent when no yeast was fed and 20 per cent when 
3 ^east was fed. The later percentage would be materially reduced if those 
cases where known complications existed were omitted in the calculations. 

P43. The Blood Picture in Normal and Milk Fever Cows. W. E. 

Krauss, C, F. Monroe, R. G. Washburn, J. W. Hibbs, T. S. 

Su'rroN AND N. Van Demark, Dairy Dept., Ohio Expt. Sta., 

Wooster, Ohio. 

In a preliminary trial with a small herd of Jersey's containing several 
cows with milk fever histories, it was found that when 1,000,000 units of 
vitamin D as irradiated j-east were fed daily for 3 to 4 weeks before freshen¬ 
ing the changes in calcium, phosphorus and vitamin D concentration of the 
blood were less marked at calving time than when the unsupplemented herd 
ration was fed. This led to a more detailed study in three herds involving 
up to the present time 75 calvings of all Jersey, Guersey, Holstein and Ayr¬ 
shire cows, exclusive of first calf heifers, in these herds. 

Half the cows receive 1,000,000 units of vitamin D daily as irradiated 
j^east for 4 weeks before and one week following freshening. Blood samples 
are taken four weeks before the due date, within 12 hours of freshening, 
within 12 hours after freshening, and one week post freshening. If a cow 
develops milk fever blood samples are taken each day for a week. 

These blood samples are analyzed for calcium and phosphorus and, when 
a cow develops milk fever, for acetone bodies to detect possible complications 
with acetonemia. Vitamin D is determined on dried pooled blood samples 
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of COWS of the same breed freshening within a 4 to 8 weeks’ period of each 
other and on individual samples obtained during attacks of milk fever. 

In general blood calcium, phosphorus and vitamin D dropped just before 
calving, this change being less in yeast-fed animals. During attacks of 
milk fever blood calcium dropped to as low as 4.0 mg. per 100 cc. and phos¬ 
phorus to less than 1.0 mg. per 100 cc. Vitamin D in the blood was also 
materially reduced. Whereas 1.0 gram of dried blood will normally produce 
1.0 to 2.0 plus healing in rachitic rats, from 2.0 to 3.0 grams of dried blood 
obtained from a cow in milk fever were required to obtain the same effect. 
This, plus the demonstration that vitamin D changes are more marked in 
Jersey blood than in Holstein blood and that incidence of milk fever was 
much greater in Jerseys than in Holsteins, suggests strongly that vitamin D 
plays some role in the prevention of this disease. 

P44. Nature of the Material in Mastitic Milk Responsible for the 
Whiteside Reaction. H. 0. Dunn, J. M. Murphy, and 0. F. 
Garrett, N. J. Agr. Expt. Sta., New Brunswick, N. J. 

When sodium hydroxide is mixed with milk from mastitic udders a 
coagulation or gelation occurs, the intensity of which is directly proportional 
to the degree of infection. The nature of the reaction, known as the White- 
side test, suggests that a protein not present in normal milk is involved in 
the reaction. 

When milk showing a positive Whiteside reaction is allowed to separate 
by gravity, the cream shows a strongly positive Whiteside reaction whereas 
the skim milk is negative. Dilution of the gravity cream to the original 
concentration of the milk results in a positive Whiteside reaction of the 
same magnitude as the original milk. 

When milk showing a positive Whiteside reaction is centrifugally sepa¬ 
rated, the cream gives a negative Whiteside reaction whereas the skim milk 
shows a positive Whiteside which is lower in intensity than that of the 
original milk. Apparently the milk fat is not involved in the typical reac¬ 
tion with NaOH. The fact that the Whiteside reaction was positive in the 
gravity cream may be explained by assuming that the material involved 
in the reaction is loosely adsorbed by the fat globules. 

Carefully controlled experiments showed that the amount of separator 
slime obtained from mastitic milk was many times greater than that obtained 
from milk of mastitis-free cows. Moreover, the slime from mastitis-free 
cows did not give the typical Whiteside reaction whereas that from the 
mastitic cows gave an intensely positive .reaction. Addition of the slime 
from mastitic milk to Whiteside-negatm milk produced a definite positive 
Whiteside reaction the intensity of which depended upon the^ amount of 
slime added. 
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A hi|ifh correlation was found to exist between the intensity of the White- 
side reaction, the number of leucocytes and the amount of separator slime. 

A chemical analysis of the slime from mast it ic milk showed a protein 
content of about 68% and a phosphorus content of about 1.35% on the dry 
weigcht basis. 

Calculations show that cellular material in the slime does not account 
for all the solid substances present, but wdien a suspension of equine blood 
leucocytes was adtled to non-mastitic milk, which contained no leucocytes, 
typical Whiteside reactions were obtained the intensity of which corre¬ 
sponded directly to the number of leucocytes added. This is strong evidence 
that the Whiteside reaction is due, directly or indirectly, to leucocytes. 

P45. The Value of Tyrothricin (Gramicidin) in a Herd Mastitis Control 
Program. C. S. Bryan, K. E. Horwood, and C. P. Clark, Michi¬ 
gan Agr. Expt. Sta., East Lansing, Mich. 

Until recently dairymen desiring to eradicate streptococcic mastitis from 
their herds have been compelled to eliminate all infected cows. At this 
institution 150 cows, that were infected with mastitis streptocicci but had no 
marked indurative changes of their udder, were treated with 150 milligrams 
of tyrothricin per quarter. Recoveries were obtained in 93 per cent of these 
selected cases treated. Sanitary measures must be employed to protect 
the cows without mastitis, including those recovered upon treatment, from 
reinfection. 

P46. Experiences With Lactovaccine in the Control of Mastitis. C. P. 
Clark, C. S. Bryan, and R. E. Horwood, Michigan State College, 
East Lansing, Michigan. 

A project w’as set up to test the value of lactovaccine as a curative agent 
in the treatment of chronic bovine mastitis, and as a preventive. Two 
herds were used in the demonstration. The microscopic examination of 
incubated milk samples was used to determine the presence or absence of 
infection. 

Herd A 

Orovp 1, Twenty-eight cows shedding streptococci in their milk were 
given repeated injections of lactovaccine. Eight (28%) of the cows so 
treated apparently recovered, as the microscopic test became negative. 

Oro%ip 2. Pifty-one cows negative to the microscopic test were given 
repeated injections of lactovaccine to determine if it would prevent mastitis. 
Six (11%) of this group later became positive to the microscopic test. 

Group 3. Pifty-nine cows negative to the microscopic test were used as 
controls to Group 2. None of these cows were given lactovaccine. Seven 
(11%) of this group later became positive to the microscopic test. 
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Herd B 

Group 4, Four cows positive to the microscopic test were given repeated 
injections of lactovaccine; one cow recovered and became negative to the 
microscopic test. 

Group 5. Forty cows negative to the microscopic test were given re¬ 
peated injections of lactovaccine. Eighteen (45%) of these cows later be¬ 
came positive to the microscopic test. 

Group 6. Seventeen cows negative to the microscopic test were not in¬ 
jected, being used as controls on Group 5. Five (20%) of these cows later 
became positive to the microscopic test. 

Conclusion 

Under the conditions of this experiment, lactovaccine appeared to have 
some value in the treatment of chronic bovine mastitis but did not appear 
to have value as a preventive measure. 

P47. Mastitis and Herd Practices in the College Dairy Herd. Russell 
E. Horwood, C. F. Clark, and C. S. Bryan, Michigan State Col¬ 
lege, East Lansing, Mich. 

In 1928 the college herd was moved into the present barn. The herd was 
culled drastically at that time although no systematic program of testing for 
infectious mastitis was in effect. A number of young outstanding animals 
were purchased for replacement. Many of these contracted udder infection 
at an early age. However, due to their outstanding type and production 
they were maintained in the herd a number of years. In 1938, 1939, and 
1940 due to mastitis, breeding difSculties and age, many of these cows were 
eliminated. This accounts in part for the rapid drop in the incidence of 
infection at that time. 

Production of Infected vSi NonAnfected Quarters,^ Quarter samples of 
milk from the college dairy herd were studied from July 1,1933, to May 30, 
1934. The samples were from cows with no udder infection and cows having 
one, two, three or four infected quarters. 

In 36 non-infected cows the fore quarters produced 44.9% of the milk 
and 43.6% of the butterfat. 

In 14 cows having opposite infected and non-infected forequarters there 
was a reduction of 16.4% milk and 16.8% fat in the infected quarters. A 
similar study on rear quarters with 9 cows showed a 32.4% reduction of milk 
and 32.2% reduction of fat in the infected quarters. 

Methods of Testing. Monthly samples of milk from each quarter were 
taken and tested for infectious mastitis beginning November 1932 and con¬ 
tinuing to February 1937. The follcJWing methods were used in detecting 

1 Unpublished data gathered by Ueorge W, Taylor. 
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infectious mastitis: microscopic test, chloride content, physical examination 
of the udder, leucocyte content, thybromol test, physical examination of milk 
and culture of milk and blood agar.® 

The results of the above work lead to the adoption of the microscopic 
system of testing. Quarter samples from each cow in the herd were tested 
from June 1937 to June 1938. Composite samples were then run on the 
negative cows and quarter samples continued on the positive cows. Since 
October 1941 all quarter samples have been discontinued. 

Hand vs. Machine Milkmg. Starting June 1937 alternate first calving 
two year olds were placed on hand and machine milking. In addition a 
number of older negative cows were carried on machine milking. This was 
continued through November 1940. During this time an average of 15 cows 
were milked by hand and 25 by machine. Six hand-milked cows and six 
machine-milked cows became positive to infectious mastitis. Individual 
machines were marked for use on only negative or infected cows. No suc¬ 
cess in controlling the spread of disease resulted until this plan was adopted. 

Short Wave Diathermy, During the summer of 1939, three cows with 
infected udders were given 50 one-hour daily treatments with short wave 
diathermy. Three infected cows were also observed as controls. 

Examinations of samples of milk taken at weekly intervals were made 
from the six cows using the Hotis and Modified llotis test at 24-, 30-, and 
48-hour intervals. We also used the thybromal test, microscopic test and 
chloride count. A physical examination of the udder was made. No sig¬ 
nificant variation was found in the milk or udder of either the treated or 
untreated cows. 

Lacto Vaccine Treatment, Starting in May 1939 lacto-vaccine w^as used 
to treat twenty-six diiferent cows. Of this number eight showed complete 
recovery. 

Tyrothricin {Gramicidin) Treatment, Tyrothricin has been used to 
treat nine cows in the herd. Eight of the cows became negative to mastitis. 
The ninth cow w’as negative on one test. However, this was a continuous 
problem cow and died soon after the last test from systemic acute mastitis. 
Two others remained negative for six months and then developed systemic 
acute mastitis. One of these died and the other lost the functional use of 
her udder and was slaughtered. 

Summary, At the start of this program in 1932 there were 56 milking 
cows in the herd. Fifty per cent of these had infectious mastitis. In May 
1942 the herd contained 46 milking cows. It passed a 100 per cent clean 
test and has done so six of the past seven months. This was accomplished 
by culling the infected cows, preventing the spread of the organisms, and 
by recovery by treatment of 17 mastitis-infected animals as mentioned previ¬ 
ously. There were udder disturbances of a non-infectious nature during 
this period. 

2 BesultB published in Journal of Milk Technology, vol. 2, No. 1, pp. 32-40. 1939. 
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MANUFACTURING SECTION 

Ml. The Effect of Acidity and Temperature on the Growth of Oospora 
Lactis Cultures.* E. R. Garrison, Dept, of Dairy Husbandry, 
Univ. Mo., Columbia, Mo. 

The effect of the reaction of the medium and incubation temperature on 
the growth of 15 selected cultures of Oospora lactis recently isolated from 
sour cream was determined by measuring the diameter of giant colonies pro¬ 
duced on potato dextrose agar plates after seven days incubation. Indi¬ 
vidual flasks of sterilized medium at a temperature of 113® P. were adjusted 
to a pH of 9.0, 8.0, 7.0, 6.0, 5.0, 4.0, 3.5, 3.0, or 2.5, as determined by the glass 
electrode, by the addition of sterile 20 per cent tartaric acid or N/1 NaOH. 
After standing two hours at 113® P. the reaction was again adjusted to the 
specified pH (± 0.05) at a temperature of 104® P. The medium was then 
distributed among Petri dishes in 25-ml. portions and when the agar had 
solidified the center of each plate was inoculated with a platinum needle 
that had been dipped into a water suspension of a mold culture. Three 
plates of the medium from each flask were inoculated with each culture. 
The diameter of the colonies was measured after seven days incubation at 
80® P. The average diameter of the three colonies expressed in mm. denoted 
the amount of growth of the culture at the particular pH concerned. 

The pH curve of growth was very similar for all cultures. The diameter 
of the colonies of each culture was essentially the same at pH 8.0, 7,0, 6.0 and 
5.0; a marked decrease in growth occurred at pH 9.0 and 4.0, while growth 
was slight at pH 3.0 and negative at pH 2.5. The colonies formed at pH 
3.5 were only one-half to one-third as large as those produced at pH 4.0. 
When the cultures were grown on potato dextrose agar acidified to pH 3.5 
with lactic acid the colonies were regularly larger than those produced on 
this medium acidified to pH 3.5 with tartaric acid; smaller colonies were 
produced in similar trials in which sulphuric acid was used. 

The comparative rate of growth of these cultures in cream of different 
acidities was also investigated. Pour flasks of sweet cream contained 30 per 
cent fat were pasteurized at 160® P. for 30 minutes, then cooled and treated 
as follows: (1) not treated, (2) acidified to 0.40 per cent (pH 4.90) by the 
addition of sterile lactic acid, (3) fermented with S, lactis to an acidity 
of 0.55 per cent (pH 4.50), and (4) fermented with L. hulgaricus to an 
acidity of 1.40 per cent (pH 3.59). Three hundred and fifty grams of each 
cream sample were weighed into sterile one quart fruit jars and the lids 
loosely replaced. One jar of each of the four samples was inoculated with 
0.1 ml; of a water suspension of a mold <mlture then plated at once to deter¬ 
mine the number of mold spores added. The samples were held at 70® 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 845. 
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F. for eijrht days and stirred daily with a sterile glass rod. After four 
days and again after eight days the mold plate count, the mold raycelia con¬ 
tent and the per cent acidity of the samples were determined. Essentially 
the same amount of mold growth occurred in the untreated, acidified, and 
S. lactis ripened cream samples, while a slight reduction in mold growth 
occurred in the L, bulgariciift ripened cream with some cultures but not with 
others. 

The temperature curve of growth of the 15 cultures was studied by mea¬ 
suring the diameter of the colonies produced on potato dextrose agar (pH 
5.0) during seven days incubation at temperatures of 40, 45, 50, 60, 70, 80, 
85, 90, 95, 100, and 105® P. None of the cultures produced visible colonies 
during seven days at 40® F. but growth was usually evident after 10 days. 
The diameter of the colonies increased as the temperature was raised from 45 
to 80® P. and decreased sharply at a temperature of 95® F. The optimum 
temperature for most cultures was near 85® F. Two cultures made essen¬ 
tially the same growth at 80® as at 85® P., while four cultures produced 
colonies of approximately the same size at 85® and 90® P. Five cultures 
made a slight growth at 100® P. but none of the cultures grew at 105® P. 

M2. Various Treatments Which Affect the Growth of Mold Mycelia in 
Cream and Resultant Butter.* J. E. Edmondson and W. H. E. 
Reid, Univ. Mo., Columbia, Mo. 

This investigation is concerned with a study of the various factors affect¬ 
ing the development of mold in cream and butter. The following factors 
have been studied: time or storage period, variable storage temperatures, 
stirring and non-stirring of cream samples, layering and non-layering of 
cream samples, covered and non-covered cream samples, variable butterfat 
content of cream, and the comparison of wet and dry refrigeration of cream 
on the farm. 

Storage temperature was found important to the growth of mold mycelia 
in cream since it multiplies rapidly at the higher temperatures due to the 
characteristic ability of this mold to tolerate acid. The time factor is also 
important; however, mold growth can be controlled by the application of a 
four-day delivery system to such an extent that temperature is not entirely 
a controlling factor. 

In the study of creams of variable butterfat content, the data shows 
definite correlation between the rate of mold growth and the percentage of 
butterfat. As the butterfat of the cream was increased the mold growth 
diminished. 

A comparison of the stirred and non-stirred samples of cream showed 
that the mold growth was more apparent in the stirred samples; however, 
in the finished butter the non-stirred samples had the highest mold count. 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 830. 



718 


ABSTRACTS OP PAPERS PRESENTED AT THE 


The covered and non-covered samples of cream show that the covered 
samples have a lower mold count but that the sealing of the container covers 
resulted in the development of stale, musty and absorbed flavors and aroma. 
The absorbed flavors were transmitted by the resultant butter, thereby low¬ 
ering its quality. 

The layered and non-layered samples of cream gave results which defi¬ 
nitely favor the practice of the layering of cream. The layered samples 
give a much lower mold count in cream and resultant butter, and may be due 
to the control of the air supply which is required by the mold. 

Studies of the comparison of dry and wet refrigeration are still in 
progress. 

M3. The Development of a Positive Phosphatase Test on Refrigerated 
Pasteurized Cream. P. W. Barber and W. C. Frazier, Dept. 
Agr. Bact., llniv. Wis., Madison, Wis. 

Vat pasteurized cream, which gave a negative phosphatase test immedi¬ 
ately after pasteurization, developed a positive reaction to the test after 
being held at 4° to 10° C. for 24 to 48 hours. Gram positive, spore-forming 
bacilli were isolated from each lot of cream and grew in pasteurized cream, 
sterilized cream and sterilized skim milk with the production of phosphatase. 
There was no evidence of the production of phenol or phenol-likc com¬ 
pounds. The bacilli isolated vary somewhat in their morphological charac¬ 
teristics, but apparently all belong in the mesentericus group. 

The phosphatase produced by these organisms appeared early in the 
medium and washing of the cells resulted in positive tests on the wash water. 

These organisms produced phosphatase more rapidly and with fewer 
numbers present in pasteurized cream than in sterilized cream. Microscopic 
counts were one to two million/ml. in pasteurized cream but in sterilized 
cream, before phosphatase activity developed, counts were anywhere from 
48 to 434 million/ml. 

Experiments indicated that phosphatase was not protected from destruc¬ 
tion during the pasteurization process and later liberated in sufficient 
amounts to give a positive test. 

Present evidence indicates that the phosphatase production by these 
organisms is a contributing factor in the change in reaction of the phos¬ 
phatase test from negative to positive on refrigerated pasteurized cream. 

M4. The Keeping Quality of Cream Pasteurized at 165° F. for 30 
Minutes, Variously Treated, and Stored at 0° F. £. S. Guthrie, 
Cornell Univ., Ithaca, N. T. 

Twelve lots of 12 samples each of cream pasteurized at 165° P. for 30 
minutes were stored at 0° P. in seiSled three-quart-tin cans. The factors 
studied were: homogenization, deaeration, addition of ascorbic acid, and 
addition of isoascorbic acid. 
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Flavor examinations were made after storapre of 7 months, and aprain 
after 19 months. The results of the quality scores showed only slij^ht 
differences. 

MS. The Keeping Quality of Unsalted Butter Made from Sweet Cream 
Pasteurized at 165° F. for Thirty Minutes and Stored at 0° F. 
and 32° F, C. N. Stark, E. S. Guthrie, and J. J. R. Campbell, 
Dept, of Dairy Indus., Cornell Univ., Ithaca, N. Y. 

Previous reports from this laboratory have showui the superior keeping 
quality of unsalted butter made from sweet cream pasteurized at 165° P. for 
thirty minutes. Many reports in the literature of the dairy industry show 
the importance of refrigeration of ordinary commercial butter at tempera¬ 
tures around zvro degrees P. 

Our laboratory findings indicated to us that butter might be satisfactorily 
held at appreciably higher temperatures if the more important butter 
spoilage factors were properly controlled. 

Experiments have been conducted to obtain data on this point. Un¬ 
salted butter made from sweet cream pasteurized at 165° P. for thirty 
minutes has been held at 0° P. and 32° P. and judged for quality at various 
intervals. For the first six months of storage the butter held at 32° P. is of 
excellent quality as is the butter stored at zero ° P. The butters stored at 
both temperatures scored 93 at the end of six months^ storage. The practi¬ 
cal value of such results is obvious. These experiments are being continued. 

M6. Some Observations Concerning the Ascorbic Acid Content of 
Evaporated Milk. D. V. Josepiison and P. J. Doan, Pa. Agr. 
Expt. Sta., State College, Pa. 

Pour series of evaporated milk samples were obtained over a period of 
two years from twenty-seven different manufacturing plants in various 
parts of the United States. Samples were reconstituted to a fluid basis and 
analyzed soon after receipt and again after two and four month intervals of 
storage at room temperatures. 

The greatest loss in ascorbic acid content apparently took place during 
processing and immediately thereafter. Assuming an average figure of 
20 mg. of ascorbic acid per liter for the milk before processing, it was found 
that 50 to 95 per cent (with an average of 76.6 per cent) of the vitamin 
was lost during this period. In the following two months of storage the 
reduced ascorbic acid content was depleted an average of about 1 mg. per 
liter of reconstituted milk, or 5 per cent more, while during the second two 
month period very little, if any, further reduction was noted. 

Dehydroascorbic acid analyses by hydrogen sulphide and bacterial re¬ 
duction techniques, indicated that very little of this form of the vitamin was 
present to begin with or developed during storage. 
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The copper content of the evaporated milk samples analyzed in this study 
varied from .36 to 2.2 p.p.m. on a reconstituted basis, with an average of 
.78 p.p.m. Of the twenty-seven plants submitting samples, twenty, or 74 
per cent were using copper vacuum pans.. The seven others employed stain¬ 
less steel pans, but only three of these were using stainless or non-copper 
auxiliary equipment. 

Although the copper content of the evaporated milk varied widely, 
there was no correlation between the copper content and the amount of 
reduced or dehydroaseorbic acid present, either before or after the four 
months storage period. 

Only five of the twenty-seven plants submitting samples were not irradi¬ 
ating the milk, but from the limited number of comparisons available, ir¬ 
radiation appeared to have no effect on the ascorbic acid content of the 
finished evaporated milk. 

The stability of ascorbic acid appeared to be somewhat greater in evapo¬ 
rated milk made during the spring and summer, but there was no apparent 
correlation between the kind or amount of stabilizing salt used and the 
ascorbic acid content. 

The pH of the evaporated milk samples as received ranged from 6.1 to 
6.35, During storage a further and progressive decrease was noted which 
seemed to be less marked in the case of milk made in the pasture season. 

“Spangling,’’ or discoloration characteristic of the inner surface of 
evaporated milk cans after processing and storage, was found to become 
progressively worse on holding, but cans containing milk of higher copper 
content generally exhibited less “spangling” than those containing milk of 
low copper content. 

M7. Control and Verification of Vitamin D in Milk. M. J. Dorcas, 
National Carbon Co., Inc., Chicago, Ill. 

Recognition is given to the part of the control official and his supervision 
of methods in establishing and maintaining the high quality of milk that is 
now generally available in this country. One of the best examples of this 
system is the control of the pasteurizing process. Vitamin D milks prepared 
by the irradiation process are now capable of an analogous system of control 
through the use of recording type meters which scientific research has shown 
to give an accurate guide to the potency produced and the records of which 
fit in well with the established methods of control now in use by the health 
officials. 

Supplementing this constant daily check giving a record of the potency 
of each pound of milk handled the Vitaitiin D product is further checked 
by periodic assays or analysis of sampj^es of the milk. The method of analysis 
used, that of bio-assay with rats, is satisfactory with respect to accuracy but 
is somewhat expensive and requires a period of several weeks. It is probable 
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that a rapid chemical analysis of milk for Vitamin D may become available 
because of progress in Vitamin D assays by chromatographic methods which 
are briefly described. 

M8. A Voltammetric Method for Measuring the Concentration of Dis¬ 
solved Oxygen in Dairy Products. G. H. Hartman and O. F. 
Garrett, N. J. Agr. Expt. Sta., New Brunswick, N. J. 

The dropping mercury electrode method of measuring the concentration 
of dissolved oxygen has been applied successfully to milk. The apparatus 
used included an electrode assembly consisting of a capillary mercury 
electrode and a saturated calomel half cell, a sensitive reflecting mirror 
galvanometer, a photoelectric cell and amplifier, and a thread and drum 
recorder. The recorder marks the galvanometer deflection at minute 
intervals. 

The relationship between the concentration of dissolved oxygen in milk 
and the magnitude of the galvanometer deflections was found to be linear. 
The concentration of oxygen, therefore, is proportional to the galvanometer 
deflection. The determination in milk may be made at a potential ranging 
from 0.8 to 1.2 volts. 

The method actually determines the concentration of dissolved oxygen 
in the aqueous phase of milk. The comparatively slight variations in the 
solids content of normal milks, however, do not introduce significant errors. 

A probable error of di .03 and a standard deviation of 0.18 of the mean 
oxygen in 21 samples of air-saturated whole milk of varying solids compo¬ 
sition show that the method is reliable. 

The method and the instrument permit a continuous recording of the 
oxygen content of a sample. This feature should aid greatly in studying 
various oxidation reactions which occur in milk. 

M9. Studies of the Mechanisms of Oxidized Flavor. W. Carson Brown 
AND Floyd C. Olson, W. Va. Agr. Expt. Sta., Morgantown, W. Va. 

An attempt has been made to obtain an insight into the mechanism for 
the production of oxidized flavor in milk. Washed cream from which prac¬ 
tically everything had been removed but the fat globules and their mem¬ 
branes was found to be a suitable medium for study. The presence or 
absence of oxidized flavor was determined by taste. 

It was found that washed cream from susceptible milk did not develop 
an oxidized flavor when contaminated with copper, but that the same cream 
with from 20 to 200 mg. of ascorbic acid per liter developed a strong oxidized 
flavor both with and without added copper. Larger amounts of ascorbic 
acid were found to prevent the development of the flavor. Non-susceptible 
milk, produced on pasture, likewise, was found to develop an oxidized flavor 
under similar conditions. Added glutathione, in the presence of copper, was 
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found to produce an oxidized flavor. However, no evidence was obtained 
that thiamine, riboflavin, pyridoxine, or cysteine, were involved in the 
production of oxidized flavor. 

Not only did reduced ascorbic acid produce oxidized flavor in washed 
cream but dehydroascorbic acid likewise produced it. Evidence from these 
experiments indicates that the two steps of oxidation of ascorbic acid are 
first to dehydroascorbic acid and then to oxalic acid and threonic acid. Both 
reactions probably reduce copper from the cupric to the cuprous form. The 
cuprous copper being very unstable is then oxidized by molecular oxygen to 
the cupric form with the production of hydrogen peroxide. The hydrogen 
peroxide then oxidizes the phospholipides of the fat globule membrane pro¬ 
ducing decomposition products that cause oxidized flavor. 

A similar production of hydrogen peroxide by the oxidation of glu¬ 
tathione from the sulfhydr}^ to the disulfide form is indicated in the litera¬ 
ture. Hydrogen peroxide in the presence of copper was shown to develop 
an oxidized flavor in washed cream. However, it is believed that one of the 
main mechanisms of oxidized flavor production in milk is found in the 
ascorbic acid. 

MIO. Relation of Dissolved Oxygen to Certain Oxidation Reactions in 
Milk. G. H. Hartman and 0. F. Garrett, N. J. Agr. Expt. Sta., 
New Brunswick, N. J. 

The application of the dropping mercury electrode method for measuring 
the concentration of dissolved oxygen in milk has made possible a study of 
the chemical oxidation reactions which occur in milk in a more exact manner 
than was formerly possible. 

The rate of oxygen consumption by the following oxidations in milk has 
been studied: 1. Oxidation of ascorbic acid with and without copper con¬ 
tamination ; 2. Development of oxidized flavor. 

The ratio of oxygen consumed to the amount of ascorbic acid oxidized 
is about the same in uncontaminated and copper-contaminated milk. The 
ratio varies in different milks and ranges from 1 molecule of ascorbic acid 
per 1.2 to 1.6 atoms of oxygen. 

When the concentration of oxygen in copper-contaminated milk is plotted 
against time, the curve shows a rapid decrease in oxygen so long as ascorbic 
acid is present. When all the titratable ascorbic acid has been oxidized the 
oxygen concentration remains constant for a period of time the length of 
which varies with different milks. At the point at which the first perceptible 
oxidized flavor appears a decrease in oxygen concentration occurs. There 
follows a slow but progressive decrease- in oxygen concentration as the 
tallowy flavor becomes more intens^ The amount of oxygen needed to 
produce a barely perceptible oxidized flavor is small but is considerable for 
the development of an intense flavor. In a sample of fresh pasteurized milk 
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which contained 19.45 mg:s. of ascorbic acid per liter and to which copper was 
added, the oxyjren concentration decreased from 8.58 p.p.m. at the onset of 
oxidized flavor to 6.85 p.p.m. when the flavor reached an intensity of 
The corresponding: decrease in oxygen in the same sample of milk to which 
was added approximately 25 mgs. of ascorbic acid per liter was from 5.68 
p.p.m. to 3.81 p.p.m. 

Mil. The Role of the Oxidase Producing Bacteria in the Development 
of Oxidized Flavor in Milk. J. Frank Cone and C. J. Babcock, 
Bureau of Dairy Industry, U.S.D.A., Washington, D. C. 

A study was made to determine the ability of the oxidase-producing 
bacteria to cause oxidized flavor in pasteurized milk. Nine strains of gram¬ 
negative rods were used in the study, each strain capable of giving a positive 
reaction when agar plates on which they were grown were flooded with a 
0.5 per cent aqueous solution of p-aminodimethylanaline monohydrochloride. 
They included Pscudrmoiias putrcfacicns, Ps. fragi, and seven unidentified 
strains which were isolated from milk. In addition an oxidase-negative 
strain of Achromohacter lipolyficum was used in some of the experiments. 

Milk shown by previous studies to be susceptible to the development of 
oxidized flavor either spontaneously or upon the addition of not more than 
0.1 p.p.m. of copper, was pasteurized in flasks at 63° C. for 30 minutes. 
Different lots of this milk were inoculated wdth the experimental organisms, 
either single strains or combinations of strains. The amount of inoculation 
w^as varied to give counts in the freshly inoculated milk ranging from a 
few hundred to several million per ml. Each freshly inoculated lot was 
distributed in half-pint bottles, one for examination immediately and two 
for examination after 2 and 4 days’ storage respectively at 4-6° C. The 
examination consisted in tasting for evidence of oxidized flavor and plating 
on standard TGBM agar to determine total counts (at 20° C. incubation) 
and numbers of oxidase positive organisms. Suitable controls were run 
without inoculation, with and without the addition of 0.05-0.1 p.p.m. 
of copper. 

No inoculated sample became oxidized except when the corresponding 
uninoculated control also became oxidized and the intensity of the flavor 
in those inoculated samples that did become oxidized was never greater than 
in the control. When inoculations of several million per ml. were made there 
was definite evidence that the organisms protected the milk against the 
development of oxidized flavor. 

M12. Bacteriological Studies on Creamery Water Supplies. R. T. 
Corley and B. W. Hammer, Iowa Agr. Expt. Sta., Ames, Iowa. 

Examinations of 436 samples of unchlorinated water from 70 butter 
plants, using the common bacteriological tests and a few additional ones, 
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indicated that some plant supplies regularly were satisfactory, some regu¬ 
larly were unsatisfactory, while others varied in quality from one examina¬ 
tion to the next. Certain supplies that would have been considered accept¬ 
able from a public health standpoint were not suitable for use in butter 
manufacture. In some plants satisfactory well water was heavily con¬ 
taminated in storage tanks. Some city water supplies were unsatisfactory 
for butter manufacturing purposes. 

When water known to contain coliform organisms was used to wash 
experimental butter, the organisms regularly were found in unsalted butter 
and sometimes were found in salted butter. Commercial butter from plants 
using water that commonly contained coliform organisms regularly con¬ 
tained the organisms when unsalted and sometimes contained them when 
salted. As coliform organisms become more numerous in water, total bac¬ 
terial counts on the water tended to be higher. 

T.6.B.M. agar counts after 96 hours at 21® C. were higher than the 
counts on this medium after 48 hours at 37® C. The medium gave higher 
counts than nutrient agar after 24 to 48 hours at 37® C. 

Ps, putrefaciens was found in a considerable number of water samples, 
while typical fluorescent organisms were found in a still larger number. 
Some Pseudomonas species known to produce undesirable flavors in butter 
were isolated from some water supplies. These included Ps, fragiy Ps, 
graveolens and Ps, mephitica. 

Some water samples having high bacterial counts did not cause flavor 
deterioration when used to wash experimental unsalted butter, but the ten¬ 
dency was for samples showing high bacterial counts to be more generally 
associated with serious deterioration in butter than samples having low 
counts. 

M13. Sensory Adaptation as a Factor in the Judging of Dairy Products 
for Flavor. S. T. Coulter, Dairy Dept., Univ. Minn., St. Paul, 
Minn. 

It is a common experience to note that an odor which is almost over¬ 
powering when first smelled soon becomes imperceptible. This adaptation 
of the olfactory receptors is a definite factor in the reliability of the judg¬ 
ment passed on the flavor of dairy products. 

Trials with seventeen individual judges showed a fairly rapid, although 
variable, rate of adaptation to the odor of coumarin. Most judges could 
readily detect initially the odor of coumarin in a 0.005 per cent aqueous 
solution. Following one sniflf of a 0.3 per cent solution, many did not detect 
the odor in a 0.012 per cent solution. After as many as 3 sniffs of a 0.3 per 
cent solution, none detected the odpr of coumarin in the 0.005 per cent 
solution. All judges readily detected coumarin in ice cream flavored at the 
rate of 4 ounces per 5 gallons of mix with a standard pure vanilla extract 
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to which 2 grams of coumarin per gallon had been added. If, however, a 
duplicate sample of the same ice cream was preceded by two samples flavored 
with the same amount of an extract containing 60 grams of coumarin per 
gallon, the sample was quite uniformly picked as one flavored with pure 
vanilla. 

Similar results were secured in the judging of butter and cream flavored 
with garlic. 

M14. A Quick, Colorimetric Method for Estimating the Quality of 
Butter. E. S. Guthrie and Georges Knaysi, Cornell Univ., 
Ithaca, N. Y. 

A simple method of estimating the quality of butter is described. It 
consists in dissolving 1 ml. of the melted milkfat in chemically pure xylol 
saturated with the base of neutral red, and comparing the color with 
standards containing known quantities of oleic acid. The preparation of 
the base of neutral red is described. 

The test, which is a measure of the degree of the hydrolysis of the milk- 
fat, is found to be of value in quickly detecting bad samples, and the major¬ 
ity of fair or good samples of butter, and in adding precision to the judg¬ 
ment of the expert. Over 100 samples of butters of various qualities were 
examined. 

Ml 6. Fore warming Temperature of Plain Condensed Skimmilk and 
Properties of the Resulting Ice Cream. Jack B. Clinch and 
J. H. Erb, Dept, of Dairy Technol., Ohio State Univ., Columbus, 
Ohio. 

The variations in properties of ice cream caused by using plain skim 
condensed milks subjected to different forewarming temperatures were 
studied. 

Raw skimmilk was divided in three lots and forewarmed in a jacketed 
stainless steel hot well for twenty minutes at 160° F., 180° P. and 200° P. 
Each lot of milk Avas then condensed to 40% solids in a 16-inch stainless 
steel vacuum pan. Relative viscosities were determined upon each sample 
at several concentrations between 30% and 40% total solids. In some trials 
the milk was condensed to 30% solids content. 

The viscosity results indicated that the higher the temperature of fore¬ 
warming the greater was the viscosity of the milk when condensed to 40% 
solids. There was a marked difference in the vis<*osity of 40% condensed 
milk preheated at 160° P. and that preheated at 200° F. The viscosity of 
that preheated at 180° P. was midway between the other two. 

When the condensed milks were incorporated into ice cream mixes, as 
the chief source of serum solids, differences could be detected in the resulting 
ice cream depending upon the heat treatment of the skimmilk. In general, 
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the preheating temperature of 200° F. imparted to ice cream a more re¬ 
sistant, or “chewy'’ body, and produced a product that melted smoother 
and slightly more rapidly. This was especially significant when the con¬ 
densed milk was condensed to 40% solids. The results indicated that lactose 
crystallization developed more rapidly in the ice cream containing the con¬ 
densed milk fore warmed at 200° F. Little difference in flavor was noted in 
the mixes with the various heat-treated condensed milks. 

Ml7. Relation of Different Mix Compositions and Methods of Process¬ 
ing to the Texture, Structure and Stability of Ice Cream.* C. W. 
Decker and W. H. B. Reid, Mo. Agr. Expt. Sta., Columbia, Mo. 

Based upon a standard mix containing 1 per cent of sucrose, a partial 
replacement of sucrose with dextrose was made as follows: 15 per cent su¬ 
crose (0 replacement), IJ per cent sucrose, per cent dextrose (25 per 
cent replacement); 10 per cent sucrose, 5 per cent dextrose (33i per cent 
replacement). Mixes of variable compositions of 11 per cent serum solids— 
12 per cent butterfat, 11 per cent serum solids—14 per cent butterfat, 13 
per cent serum solids—12 per cent butterfat, and 13 per cent serum solids— 
14 per cent butterfat were also studied. 

Drawing temperatures of 24° F. in the batch freezer, and 24° F., 23° F., 
22° F. in the continuous freezer were used to determine their relation to 
the physical properties of ice creams. 

Thin sections of ice cream of 10 to 15 microns in thickness were prepared 
and immersed in an immersion media of ethyl acetate and photomicrographs 
taken. Fifty or more measurements were made from each photomicrograph 
to determine the ice crystal, also air cell, size, distance between ice crystals 
and distance between air cells. An average was determined from the fifty 
or more measurements and an analysis of variance made statistically with 
the data. 

A table of recommended drawing temperatures based upon observations 
of the ice cream when drawn from the freezer and ice crystal sizes from 
microscopic studies was drawn up for the mix compositions studied. 

It was found that as the drawing temperature was decreased from 24 
degrees Fahrenheit to 22 degrees Fahrenheit the size of the ice crystal de¬ 
creased markedly. This resulted in an ice cream with a smoother, finer 
texture and structure. 

Variations in the composition also had an important influence upon the 
texture and structure of ice cream. The diiference between a 25 per cent 
and 33i per cent replacement of sucrose with dextrose was not suflacient to 
give consistent distinctions of the ice crystal size of the resultant ice creams. 
An increase in the serum solids conte^it from 11 per cent to 13 per cent did not 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station Journal Series No. 831. 
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have as important an effect oii the ice crystal size as did an increase of 
butterfat from 12 per cent to 14 per cent. The increase of butterfat content 
resulted in a finer ice crystal artd a smoother texture in the ice cream. 

The influence of variations in composition upon the meltdown properties 
of the ice cream w^as quite apparent. An increase in butterfat grave a melt¬ 
down which was characterized by sluflfing off, and a coarse external appear¬ 
ance. An increase in the serum solids content grave a desirable, smooth 
meltdown characterized by a melting: of the ice cream to the original mix. 
The variations in drawing temperatures did not have any visible influence 
upon the meltdown appearance of the ice creams. 

M18. The Gases Evolved by Cheddar and Limburger Cheese.* F. L. 

Dorn and A. C. Dahlberg, New York (Geneva) Agr. Bxpt. Sta., 
Geneva, N. Y. 

The ripening of natural cheese in tight tin cans made it convenient to 
study the volume and composition of the gas evolved during the curing 
process. 

The volume of gas produced by cheddar cheese was more uniform and 
much less wdien made from pasteurized milk, especially when cured at 40° F. 
The evolution of gas was most rapid during the first month of curing but it 
did not cease completely even after one year. 

Tlie oxygen in atmospheric packed cheese disappeared in one week at 
60° F. but 7 Aveeks were required at 40° F. The gas evolved from the cheese 
was nearly pure carbon dioxide with traces of hydrogen. The loss in weight 
of the cheese due to the carbon dioxide cA^olved varied from .13 to .20% for 
raw milk cheese and .04 to .09% for pasteurized milk cheese. The milk was 
of market milk quality. The gas evolved per pound of cheese made from 
raw milk varied from 307 to 491 ml. in 44 weeks at 50° F. and 254 to 296 ml. 
at 40° F. h\)r pasteurized milk cheese the volume of gas was 121 to 197 ml. 
in 44 wrecks at 50° F. and 86 to 87 cc. at 40° F. 

Gas formation in commercial raw milk Limburger cheese w^as much 
greater than in cheddar cheese. When the Limburger cheese Avas partially 
cured before canning the gas Avas 90 to 95% carbon dioxide and 5 to 10% 
hydrogen. Fresh Limburger curd produced gas that was 95 to 97 % carbon 
dioxide. The partially ripened Limburger cheese when canned produced 
from .8 to 3 liters of gas per pound of cheese in 18 weeks at 50° F. and .3 to 
1.3 liters at 40° F. This volume of gas represented a loss of .6 to 1.2% of 
the weight of the Limburger cheese. • 

M19. The Preparation of Crystalline Rennin. C. L. Hankinson, The 
Carnation Research Laboratories, Milwaukee, Wis. 

Previous progress in the purification of rennin from commercial rennet 

* This investigation was supported by Bankhead-Jones funds. 
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extract (Jour. Dairy Sci., 26 : 277 (1942)) resulted in the isolation of a 
highly purified, though not crystalline, enzyme concentrate. Continued 
study has resulted in actual crystallization of the enzyme. 

The principles of purification employed were isoelectric precipitation 
from salt solutions, centrifuging and dialysis. Precipitation from saturated 
sodium chloride solutions at pH 5.0 rather than from 16.7 per cent sodium 
chloride solutions at pH 4.5 had the following advantages: (1) a higher 
potency product, (2) less total losses of active material, and (3) less diffi¬ 
culty with amorphous material in the subsequent crystallization procedure. 

The highly purified rennin concentrate was dialyzed, diluted to a solids 
concentration of 0.05 per cent, filtered and the pH adjusted slowly to 4.5 
with N/10 HCl. Rennin crystallized out as long white needles and after 
standing several hours at room temperature the white crystalline material 
was centrifuged off. Recrystallization may be effected by repeating the 
crystallization procedure but this has been found to be unnecessary because 
of losses of active material with no further increase in activity per unit 
weight. 

Care should be taken in the crystallization procedure to prevent precipi¬ 
tation of amorphous material which may result from the following: 

(1) Too rapid addition of acid. 

(2) Solids content greater than 0.05%. 

(3) Insufficient purification prior to crystallization. 

(4) Room temperature greater than 20 to 25® C. 

Some of the chemical properties of pure renin will be reported. 

M20. The Use of Rennet Paste in Romano-Type Cheese. C. A. Phillips, 
G. A. Richardson, and N. P. Tarassuk, Univ. Calif., Davis, Calif. 

Domestic rennet paste from three different sources, and one sample of 
imported Italian paste, were'compared with liquid rennet in the manufac¬ 
ture of Romano-type cheese. 

Since April 1941, fifty-four cheese have been made, the average cured 
weight of each being approximately 20 pounds. Holstein milk, partially 
skimmed, was used, a stirred curd produced, the cheese dry or moist salted, 
and cured at 55® F. A mixture of cottonseed oil and black pepper was 
applied to the surface of the cheese at approximately one month intervals 
during the curing process. 

The cheese was analyzed for milk fat, total solids, and salt. Determina¬ 
tions for pH value were made during the curing process. These analyses 
conformed very closely to that of one sample of imported Italian Romano 
cheese which was as follows: total soUds, 63.03 per cent; milk fat, 39.2 per 
cent in the dry matter; salt, 5.87 per%nt; pH value, 5.18. 

The cheese made with liquid rennet was totally lacking in typical Romano 
flavor. All samples of rennet paste used produced cheese with a desirable 



THIRTY-SEVENTH ANNUAL MEETING 


729 


piquant flavor, similar to that in the Komano cheese imported from Italy. 
Homogenization of the milk or the addition of steapsin caused the develop¬ 
ment of excess piquancy when rennet paste was used. 

The voltaile acid production in the cheese made by the various pro¬ 
cedures was determined using an extraction method.^ The results indicate 
that the increased piquancy induced by rennet paste over liquid rennet is 
due to a greater production of volatile acids rather than to a specific lipolysis. 
There is reason to believe that homogenization of the milk as well as the 
addition of steapsin produces not only a greatly increased lipolysis, but also 
an accelerated liberation of the volatile insoluble acids. 

M21. Studies Relating to the Canning of Pasteurized Milk Cheese. 
A. C. Dahlberg and J. C. Marquardt, N. Y. Agr. Expt. Sta., 
Geneva, N. Y. 

The principal problem to be overcome in the successful canning of natural 
cheese is the disposition of the evolved gas. This has been successfully done 
with the vent can but not with the less expensive conventional tin can used 
in these experiments. 

There are several important factors that are involved in curing cheese in 
the ordinary tin can. The cheese should be made from cheese-milk of good 
quality. The milk should be pasteurized to destroy most of the gas-pro¬ 
ducing bacteria. The cheese should be well made without excessive moisture 
and packed with 20 to 25 inches of vacuum. The vacuum aids by serving as 
a buffer area to take up some of the gas. The rate of gas formation is 
least with cold curing. Finally, to secure most permanent assurance against 
gas pressure, a small amount of calcium or magnesium hydroxide may be 
placed in the cans to combine with the carbon dioxide evolved during 
ripening. 

Natural cheese may be vacuum packed and ripened in the cans for 4 to 
6 months and then held for 1 to 2 weeks at room temperature without 
developing excessive gas pressure, providing the conditions mentioned above 
are adhered to. When the calcium or magnesium hydroxide is present in 
the can the curing time may exceed a year. There appears to be a satis¬ 
factory margin of safety in this process to permit commercial usage pro¬ 
viding the package is marked perishable to be held cold. It is obvious that 
gas formation by process cheese is not a problem in canning. 

M22. Comparative Studies on Cheddar Cheese Prepared with Starter 
and with Certain Pure Cultures.* D. D. Deane and T. G. Ander¬ 
son, Dept. Bacter., Pennsylvania State College, State College, Pa. 

All cheeses studied in this investigation were made by the usual com- 

1 Hiscox, Harrison and Wolf. Jour. Dairy Res., 12: 155. 1941. 

*A phase of a cooperative study with C. D. Dahle and F. G. Warren of the Depart¬ 
ment of Dairy Husbandry. 
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mercial method from raw milk with a fat content of 3.6 to 3.7 per cent. 
Curing temperatures of 43® F. and 63° F. were used. The various cultures 
used as “starter^’ were 8tr. citrovarus, Sir, paracitrovarus, 8tr. lactiSy a 
commercial starter and an as yet unidentified acidoproteolytic micrococci 
isolated from a 4-year-old eheddar cheese. 

By bacteriological study it was found that the highest counts were found 
when the first sample was taken when 1 day old. The number of micro¬ 
organisms decreased steadily from this point on as the cheese aged. 8tr, 
lactis made from 90 to 99 per cent of the streptococci found which were pre¬ 
dominate throughout the period the cheeses were examined. The tempera¬ 
ture of curing had no significant infiuence upon the bacterial fiora of these 
cheeses. 

8tr. citrovorus produced a cheese with a bitter flavor when used in con¬ 
junction with a commercial starter or a pure culture of 8tr. lactis. 8tr. 
paracitrovorus under these same conditions produced a slightly more desir¬ 
able cheese from the standpoint of flavor. In conjunction with a commer¬ 
cial starter the flavor score remained at a comparatively high level, but this 
did not hold true when used with Str, lactis. There was no indication that 
the curing period could be significantly shortened by the use of any of the 
above pure cultures of streptococci as starters. 

Cheese prepared with a commercial starter supplemented with the micro¬ 
coccus isolated and used in this study received a flavor score after three 
weeks of from 0.5 to 2.0 points higher than the control cheese made with 
commercial starter. The body of the cheese prepared with the micrococcus 
is also superior after 3 weeks curing. 

Studies on curing temperatures indicate that cheeses held at 63° F. for 
four weeks and then placed at 43° F,, attain a higher flavor score sooner 
than cheeses held at 43° F. only. The flavor score of the higher tempera¬ 
ture cheese was not, however, maintained as long nor was the maximum 
flavor score reached ever as high as that ultimately reached by the 43° F. 
cheese. 


M23. General Action in Cheese of an Enzyme Preparation from Chicken 
Stomach. F. J. Babel^ G. F. Stewart, and B. W. Hammer, Iowa 
Agr. Expt. Sta., Ames, Iowa, 

An enzyme preparation that coagulated milk was prepared from the pro- 
ventriculi of fowls for use in experimental cheese. Washed, minced glands 
were treated with an equal quantity of water and sufficient concentrated 
hydrochloric acid to obtain a pH of 1.6 to 2.0. After digestion for 18 to 
24 hours at 40° C., an equal volume of ice water and 2 per cent talc were 
added. The mixture was allowed to^ttle at 0° C. and the supernatant 
liquid was removed. This was concentrated by evaporation at 25° C. or the 
ensyme solution was further purified by filtration and precipitation by 
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saturation with sodium chloride. In special tests purified preparations 
clotted milk in a concentration of 1; 250,000 and showed appreciable diges¬ 
tion of coagulated egg white in a concentration of 1:100,000. The enzyme 
solution was quite stable in liquid form. 

When 35 ml. of the enzyme preparation per 100 pounds of milk was used 
in the manufacture of cheddar cheese, the milk formed a firm coagulum in 
approximately 30 minutes. During the cheddaring process the curd began 
to show evidence of proteolysis and the curd was somewhat soft. Progres¬ 
sive softening occurred throughout the ripening period. The cheddar 
cheese made with the enzyme preparation had a bitter fiavor and the bitter¬ 
ness persisted throughout the ripening jieriod. 

Edam type cheese made with the enzyme preparation showed a rather 
soft coagulum as compared with rennet coagulation, but the curd acted 
normally. Cheese made by this method had a soft, smooth, waxy body. 
The cheese were rather bitter in the early stages of ripening, but the bitter 
flavor tended to disappear as the cheese were held. 




THE THIRTY-SEVENTH ANNUAL MEETING OP THE AMERICAN 
DAIRY SCIENCE ASSOCIATION 

R. B. 8TOLTZ 

S ecretary-Treasurcr 

The American Dairy Science Association assembled in Fairchild Theater 
on the campus of Michigan State College in Bast Lansing, Michigan on Tues¬ 
day, June 23,1942 at 9:00 A.M. 

Past President Earl Weaver called the meeting to order and President 
Judkins introduced the ofBcers of the Association. 

Vice-President H. P. Davis then introduced the following Past Presi¬ 
dents: J. H. Prandsen, E. 0. Anderson, A. A. Borland, 0. E. Reed, J. B. 
Pitch, J. M. Sherman, E. L. Anthony, H. C. Jackson, R. B. Stoltz, H. A. 
Ruehe, H. W. Gregory, Earl Weaver, and E. S. Guthrie. 

Secretary Stoltz introduced the following members who had served the 
Association as Directors: C. R. Gearhart, E. G. Hood, J. H. Nelson, and 
Harold Macy. 

J. A. Hannah, President of Michigan State College, was then introduced 
and delivered the address of welcome. 

President H. F. Judkins gave the following response : 

PRESroENT^S ADDRESS 

“President Hannah, your words of welcome are very much appreciated 
although I can assure you that this group already feels very much at home 
on your delightful campus. Professor Weaver and his associates are proving 
themselves to be shining examples of Michigan hospitality. We know that 
when we leave you it will be with a desire to return. We shall endeavor to 
behave well while we are here. We wouldn’t dare do otherwise as a glance 
at the map of your state shows that you haye us right under your thumb. 

“Even in these difficult times when everyone is busily engaged in an all- 
out war effort, progress demands that we keep abreaest of the times and also 
that we take an occasional furlough for recreation. This, the 37th Annual 
Meeting of the American Dairy Science Association, provides an opportunity 
for the leading minds in the dairy industry to take an inventory of the 
events of the past year and to renew that spirit of good-fellowship so charac¬ 
teristic of the meetings of this Association. I am glad so many have been 
able to take advantage of this opportunity in spite of summer teaching 
schedules and travel difficulties. 

“I have said that this group represents the leading minds in the industry 
because a person must be a graduate of an agricultural college or hold a 
responsible position in the industry requiring a technical knowledge of dairy¬ 
ing to be eligible for membership. Our active membership nuw numbers 
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over 1200. About two-thirds of this number are engaged in milk production 
and processing and the balance are engaged in teaching, research and exten¬ 
sion activities. In other words, one-third of our membership supplies the 
ammunition that keeps the remaining two-thirds forging ahead. Our pro¬ 
gram, consisting of scientific reports and practical symposia will, I am sure, 
provide something of interest and value to all. 

Position of the Dairy Industry in the War Effort 

‘‘I want to say a word concerning the place of the dairy industry in the 
war effort. As you doubtless know, scientific research has long since estab¬ 
lished the fact that milk and milk products are absolutely essential to the 
growth and well-being of the human race. Our army and navy ofBcials have 
placed milk and its products at the very top of the “must’' items in the 
ration of the armed forces of our countrj^ The vast population of this 
country who are now working harder than ever in an all-our war effort must 
take every precaution to preserve their health. Therefore, they need a 
liberal supply of dairy products more than ever. 

“We who are assembled here should feel fortunate that we are engaged 
in an industry which is so essential to the war effort. Let’s remind ourselves 
of this fact if we wonder, from time to time, whether we are doing all we can 
or what we should be doing to help win the war. Certainly any person who 
is trained or who is training others in the production, processing and 
handling of milk and its products and who is now employed in the dairy 
industry has every reason in the world to remain in that industry with a 
satisfied conscience that they are a very important cog in the w’ar machinery. 

Industry Adfusiments Caused by the War 

“The war has naturally caused many adjustments in the educational pro¬ 
gram of our colleges and universities as well as on the dairy farm and in the 
milk processing industry. 

“In order that more students*may complete their college course before 
entering the service of their country, many universities, including state uni¬ 
versities and agricultural colleges, have speeded up their program so that 
students may attend the year round and complete their course in two and 
two-thirds to three years. Some who might normally be attending this meet¬ 
ing are now busy in the classroom or laboratory. If the war should continue 
through another year, the opportunity for work in the industry will be so 
great that college enrollment is likely to be further reduced unless young 
people are drafted by the government and required to attend college at least 
until of military age. This plan ha&t, already been suggested. 

“The war is changing to some Extent the type of dairy research projects. 
Thus, emphasis is placed on such work as raising calves with the minimum 
amount of milk, obtaining the maximum output per cow with the minimum 
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input, industrial uses for milk by-products such as casein fibre, the possible 
use of various whey products in making lacquer coating as a substitute for 
tin, in making a rubber substitute, and in making a glycerine substitute, all 
of which projects hold promise. Emphasis is also placed on improved 
methods of manufacturing, packaging and storing such products as milk 
powder, evaporated milk and butter, all of which are greatly needed by the 
armed forces of the United Nations and will continue to be needed by the 
■world population after the war is over. Government requirements for 
cheese, evaporated milk and powdered skimmilk have caused a marked in¬ 
crease in milk production and a shift in milk processing operations notably 
from butter making to cheese making. 

^‘Lend-lease dairy supplies delivered to representatives of the United Na¬ 
tions since April 29, 1941 when the program started, to April 1, 1942 were 
as follows: Cheese, 163,953,774 pounds. Dry Skimmilk, 37,531,974 pounds; 
Evaporated Milk, 577,486,469 pounds. June milk production in this country 
is expected to reach 5,800,000,000 quarts, the largest monthly total ever 
recorded. The 1942 production may reach the all-time record of 56,000,000,- 
000 quarts compared to a 1936-1940 yearly average of 49,000,000,000 quarts. 

“Fresh milk and dairy products are being used in increasing quantities 
by the armed forces. Fresh milk is served daily to soldiers for the first time 
in history. Distribution of milk to the army is a man-sized job that is being 
successfully performed by the industry. Munitions plants are increasing 
the distribution of milk between meals as a means of decreasing fatigues and 
strengthening workers. The importance of milk in war time is further em¬ 
phasized by the British experience where milk distribution has been carried 
on despite bombs and blitz. 

“Prices received by United States dairy farmers are at the highest 
levels since 1930. Farm cash income from milk in 1941 topped all previous 
highs totaling $1,859,783,000, Present estimates indicate 1942 will total 
more than $2,000,000,000, an all-time high record. 

“The milk and milk products industry is endeavoring to cooperate 100% 
with the various government agencies although it causes much burning of 
midnight oil to figure out ways and means of carrying on under the several 
government orders and recommendations. As of May 26 more than sixty 
orders, regulations or recommendations, all having some effect on the dairy 
industry, had been issued. Others, of course, may be expected as the situa¬ 
tion changes. The effects on the dairy industry of some of the orders or 
recommendations are as follows; Effective as of June 1 it became necessary 
to take steps resulting in at least a 25% saving in mileage. This has meant 
radical changes, particularly in the distribution of milk and ice cream 
where many a horse and wagon is replacing a truck and where every-other- 
day delivery has become quite a common practice. New tires are, of course, 
out of the question, and the extent to which delivery services may be affected 
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if the war is prolonged cannot be foreseen at this time. The ice cream manu¬ 
facturer is now limited, on a two months’ basis, to 70% of the cane or beet 
sugar used in the equivalent two months of 1941. There have also been some 
recent limitations on the amount of honey available for use in ice cream. 
To date, through changes in formula, the ice cream manufacturer has been 
able to get along successfully by using refined corn sugar and syrups. Proc¬ 
essors of cocoa beans are permitted to grind, in any one month, only 70% of 
the quantity of beans ground in the similar month of 1941. As inventories 
are reduced, the ice cream industry will feel the elffects of this order. There 
is a question as to whether dairy plants will, especially on the eastern sea¬ 
board, be able to get enough fuel oil to operate their boilers. This is causing 
some change from oil to coal and the building up to stockpiles of coal by these 
plants as well as by those now using coal. For some time aluminum has not 
been available for dairy equipment or bottle closures. 

‘‘A price ceiling—^the maximum prices charged to the same class of cus¬ 
tomer during the month of March, 1942—^has been placed on the retail sales 
of fluid milk and fluid cream and on wholesale and retail sales of ice cream. 
All standard grades of milk, flavored milks and cultured milks and various 
types of cream, as well as all flavors and grades of ice cream, sherbets and 
novelties, etc. come under the price ceiling. New or used plant equipment 
cannot be bought or sold without the specific approval of the Director of 
Industry Operations if it has a value of $300 or more. Plant equipment 
may be repaired and maintained in working condition without expansion or 
improvement through the use of preference ratings. Buildings may be re¬ 
paired and maintained in working condition without expansion or improve¬ 
ment up to an expenditure of $5,000 in any twelve months’ period. If the 
amount exceeds this, approval of the War Production Board must be had 
before beginning the project. Electric cabinets for the storage of ice cream, 
milk or other frozen foods may not be sold or installed except upon approval 
of the War Production Board, Fourteen and one-half-ounce cans for 
evaporated milk are available since evaporated milk is classified as a primary 
product. The 6-ounee cans, however, are restricted to a fraction of the 1940 
use of these cans. Betinning of milk or ice cream cans is still permitted. 

“I do not wish to leave the impression that the industry is complaining 
of its lot, but these examples will serve to illustrate that in our industry 
^Business is not being carried on as usual.’ 

The College Graduate^$ Future in the Dairy Industry 

“For the balance of my time I want to discuss the role of the college 
graduate in the dairy industry. My twelve years of teaching experience plus 
my experience in interviewing and forking with college graduates in dairy¬ 
ing for more than fifteen years has caused me to be greatly interested in 
this subject. While you who are teachers have a great opportunity and 
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responsibUity in training men for the dairy industry, the industry has an 
equally great responsibility in the proper selections of these men and in 
training them for responsible positions. During the past year while serv¬ 
ing as your president I have attempted through correspondence and ad¬ 
dresses to help improve the understanding on the part of both teacher and 
plant operator concerning the opportunities in the industry and the training 
and selection of men to take advantage of these opportunities. I talked on 
this subject at the meeting of tlie International Association of lee Cream 
Manufacturers at Toronto last October. I have also appeared before stu¬ 
dents and faculty groups at Rutgers, University of Maryland, University 
of Minnesota, Iowa State College, University of Wisconsin, University of 
Illinois, Purdue University, Pennsylvania State College and Ohio State Uni¬ 
versity. The list might have been longer had the times been more normal. 
I w'ant to say that I very much appreciate the hospitality shown me on the 
occasion of these various visits. I enjoyed them thoroughly. 

“The two L’s, labor and legislation, have in the last ten years greatly 
increased the need of college trained men in the dairy industry. May I 
simply call to your attention some of the principal opportunities other than 
those of teaching, research and extension work that exist in our industry. 
Some of those in the production field are dairy farm managers, dairy farm 
owners, feed manufacturing and sales, breed as.sociation work, milk pro¬ 
ducers organization work and the publishing field. To take advantage of 
these opportunities one needs to have a full understanding of the feeding, 
breeding and veterinary care of dairy cattle. Among other things he needs 
supporting courses in the raising of crops, economics, and in milk processing. 

“Some of the opportunities for key positions in the milk products field 
in addition to teaching, research and extension work are inspectors and 
sanitary engineers for the Federal government. State and City governments 
and commercial concerns. State Dairy Commissioners, the manufacture of 
dairy equipment, the sale of dairy equipment, work with the National Dairy 
Council, trade association work in the various branches of the dairy industry 
and dairy periodical publishing. In the commercial dairy business the 
following are some of the more important opportunities: research and labo¬ 
ratory technicians, plant superintendents or production managers and pur¬ 
chasing agents, oflBce managers including the supervision of such depart¬ 
ments as accounting, auditing, insurance, tax and treasury, legal advisers, 
company presidents and business owners. It will be observed that the 
above mentioned positions call for different types of minds and minds 
trained along a variety of different lines. The work, for example, of a plant 
superintendent is quite different from that of a man engaged in the sale of 
dairy equipment. In a like manner the work of an engineer is quite differ¬ 
ent from that of a sales manager and the work of a laboratorian is quite 
different from that of a lawyer or an accountant. 
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‘‘It becomes increasingly evident that the college course in the junior 
and senior years should be quite flexible and that the head of the dairy de¬ 
partment has a real opportunity to offer vocational guidance in order that 
each of his students may take that combination of courses which best fits his 
particular aptitude. Even then it appears probable that the industry may 
expect to select some of its men from schools of engineering, law or business 
administration. I am certain, however, that if men from such schools can 
have had some dairy work when they enter the industry they will find it very 
much to their advantage. It seems to me, therefore, that no time or oppor¬ 
tunity should be lost in our state colleges and universities for the dairy de¬ 
partment and various other departments mentioned above to cooperate to 
the fullest extent, helping to train the men needed in the industry. Some 
students majoring in economics or the school of business administration, 
will do well to elect some undergraduate courses in dairying or do graduate 
work whereby their training in business is applied in the dairy field. There 
is less opportunity for the men majoring in the sciences and engineering to 
take undergraduate courses in dairying but some of these men will do well 
to pursue graduate work and at that time to take some courses in dairying 
and apply their training in this field. The industry can well afford to use 
more of these five, six and seven year men so trained. 

“I understand dairy departments are requiring less vocational training 
in the laboratory for four-year men and I certainly believe that this is a 
step in the right direction. As a matter of fact, many four-year dairy 
graduates seem to be better at working with their hands than with their 
heads. I notice that even after some experience, they frequently do not 
have the knack of planning a day^s production schedule, or the ability to 
plan an attack looking toward the solution of a plant operating problem or 
a product quality problem. Perhaps the reasons lie in the following state¬ 
ments quoted from a recent letter from one of our members who is engaged 
in teaching and research work. He states: 

(1) ‘Too many of our students are trained to accept a series of recipes 
for the solution of their problems rather than to exercise judgment in the 
application of sound, scientific principles to existing and new problems.’ 

(2) ‘Too many of our students accept their college degrees as a trade¬ 
mark of a finished product rather than a token of an educational apprentice¬ 
ship in a professional career, the success of which in a progressive industry 
is dependent upon eternal alertness.’ 

“Need I say that everything possible should be done to help develop the 
student’s personality since this is likely to count for as much or more in his 
success than what he learns from ^e textbook. In this connection I should 
be remiss if I did not point out oife weakness of many dairy graduat^. It 
is that they are not careful enough about their personal dress and habits 
and that they lack the knack of being a good plant housekeeper. I know of 
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no one thing that so much stands in the way of a man’s success in dairy 
plant work. Teachers and dairy instructors will do well to bear down on 
this side of the student’s training and if the student simply cannot be made 
to appreciate cleanliness, the suggestion had better be made that he major in 
vegetable gardening where he can really get right dowm in the dirt. 

“Someone has said ‘A college education makes a good man better and a 
fool a bigger fool.’ This at once implies that industry has a job in selecting 
the wheat from the chaff when employing these men and by no means should 
we condemn the whole lot because we sometimes get a dud. There is cer¬ 
tainly i*oom for improvement in the selection and developing of college 
graduates in the average dairy company. As 1 see it, this is due to two 
things: First, the dairy industry con.sists of a very large number of rela¬ 
tively small operating units. There are no General Electrics, Westing- 
houses, A. T. & T.s or U. S. Steels in the dairy business; hence the need for 
college trained men per operating unit is less in our industry and what is 
more significant we do not have the personnel machinerj’^ for selecting and 
training the men that is used by the large companies. 

“In the second place, when hiring a college graduate, many dairy 
executives do not, unbeknown to the graduate, have a responsible job in the 
company in mind which he expects said graduate eventually to fill if he 
develops properly. In other words, the hiring of these college men is more 
or less hit and miss, and frequently quantity rather than quality is employed. 

“I cannot overemphasize the importance of interviewing men before 
they graduate and of trying to select the best for the jobs in question. Sum¬ 
mer employment may well be used as a test of the ability of those selected. 
Having selected the man, the employer should really get acquainted with him 
and not proceed to forget him as soon as he is hired. Obviously the em¬ 
ployer cannot make his plans for this man too obvious, neither can he afford 
to pamper him in any way. On the other hand, a little advice and guidance 
once in a while will often help to develop a good man that might otherwise 
get lost in the shuffle. 

“I strongly recommend the use of an emploj’ee experience record which 
will be printed as a part of this address. By the use of this record a man 
is graded every six months or so during the early years of his employment 
and the record speaks for itself. If it is not good he will be dropped before 
he* has wasted the best years of his life getting nowhere. If it is good, he 
will be advanced as fast as the opportunity permits. It is the only sensible 
plan for both the employer and the employee. 

“In my visits to the several institutions seniors in dairying have asked 
me what their chance was likely to be in the dairj-^ industry since they were 
going to have to enter the service of their country. My reply has been that 
other things being equal the maturing effect of their life in the armed forces 
would be sure to be an asset to them and that they would have this advan- 
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tplojees record should be examined by consulting his supervisor at least every 6 months for the first 2 or 3 years. Opposite date write 
rered between such examinations such as 1/1/41 to 7/1/41. For each period place an (X) in the space opposite the work that occupied 
rt of time and a ( ) for part time work. At each period check employee’s classification under “Type of Work Done.” Mark Q— 
-fair, P—poor for each period opposite “Qualification and Quality of Work” items. Note opposite “Rate of Pay,” rate of pay at 
tate and note date when any change made and the new rate. 
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tage over the younger men graduating at about the time they get out of 
service. I am sure that the industry will not forget them when they can 
change the khaki or blue for the white uniform once more. ’ * 

0. E. Reed, Chief of the Bureau of Dairy Industry and who was head of 
the Dairy Department at the host institution fifteen years ago when the 
Association held its meeting there in 1927, gave an address, “The Foster 
Mother.’’ 

There were 212 members present. The meeting adjourned at 11:20. 

GENERAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 
EAST LANSING, MICHIGAN, JUNE 25, 1942 

President Judkins called the meeting to order at 3: 30 P.M. in Fairchild 
Theater, there being 114 present. Secretary Weckel of the Manufacturing 
Section presented the following report. Upon motion duly seconded the 
report was accepted. 

MANUFACTURING SECTION 

Papers Presented: The papers scheduled on pages 13-15 of the Pro¬ 
gram were presented as listed with the following exceptions: Paper A (June 
23 section) was presented by J. F. Devine of the War Production Board at 
the request of Clyde Beardslee. Papers M-7, M-13, and M-15 were omitted 
due to absence of the speakers. Paper A (0. A. Ghiggoile, June 24) was 
read by E. H. Parfitt. Under A (June 24) the Chairman invited Com¬ 
mander A. W. Fuchs to speak extemporaneously on the operation of the 
dairy section of the U. S. Public Health Service. 

Business meeting, June 24^ 1942: L. H. Biirgwald presided. 

Burgwald presented a request of the Board of Directors of the Associa¬ 
tion that the Manufacturing Section consider a change in the tenure of 
officers. They recommend that the term of office expire July 1 of each 
year. Motion was made by 0. F. Garrett and seconded by B. F. Hansen 
that newly elected officers of the Manufacturing Section assume office begin¬ 
ning July 1 of each year. Motion carried. 

Report of Committee on Reorganization of Committees: Burgwald pre¬ 
sented a report of the Committee on Reorganization of Committees, pre¬ 
sented by R. Whitaker. Acceptance of the report (Appended) was moved 
by M. E. Parker and seconded by A. W. Farrall, and unanimously adopted. 

On Election of Officers: H. Macy suggested that the method of election of 
officers of the Manufacturing Section was not satisfactory in that the elec¬ 
tion was held at the termination of a day’s meeting when attendance was not 
representative. He suggested further that it would be preferable to have 
the election of Section Officers by mail ballot at the time ballots for election 
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of Association Officers are submitted to the entire membership. It was 
moved by H. Macy and seconded by M. E. Parker that a Committee of three 
be appointed to study this matter in collaboration with officers of other sec¬ 
tions. Motion carried. Chairman Burgwald appointed a Committee on 
Election of Manufacturing Section Officers consisting of H. Macy, H. H. 
Sommer, and B. S. Guthrie to study the matter and to report at the next 
annual meeting of the Society. 

Election of Manufacturing Section Officers: C. J. Babcock, Chairman, 
read the report of the Nominating Committee. The report was accepted. 
Paul F. Sharp, Cornell University, was elected vice-chairman and R. J, 
Ramsey, Cleveland, Ohio, was elected Secretary. Vice-Chairman R. Whit¬ 
aker by rule, automatically becomes Chairman of the Manufacturing 
Section. 

Report of Business Meeting, Manufacturing Section, Thursday, June 25, 
1942: R. Whitaker proposed an amendment to the Report of the Committee 
on Reorganization of Committees of the Manufacturing Section as follows; 
Creation of two additional committees; a Committee on Evaporated Milk; a 
Committee on Dried Whole and Dried Skimmilk; and further, that all 
products not specifically mentioned for listed committees be included in 
products under direction of the Committee on By-Products. The motion 
was seconded by H. Macy and unanimously adopted. 

Report of Committee on Chemical Methods of Analysis: L. C. Thomsen 
presented the report of the Committee on Chemical Analyses appended here¬ 
with. Thomsen recommended that in the reappointment of committee mem¬ 
bers that the Committee (Subcommittee) on Skimmilk, Buttermilk and 
Whey be continued as it now exists so that w’ork now in progress may be 
brought to completion. It w^as moved by Thomsen and seconded by Nelson 
that the report of the Committee be adopted. This was unanimously 
adopted. 

Report of the Committee on Judging of Dairy Products: E. L. Fonts 
presented the report of the Committee on Judging of Dairy Products, ap¬ 
pended. Fouts moved acceptance of the report, which was seconded, and 
unanimously adopted. 

Report of the Committee on Score Cards for Dairy Products: C. J. Bab¬ 
cock presented the report of the Committee on Score Cards for Dairy 
Products, appended. Acceptance of the report was moved, seconded, and 
unanimously adopted. 

Report of the Comimttee on Oxidized Flavor: No report. 

Report of Committee on Methods of Determining Color of Milk: No 
report. 

Report of the Committee on Comparison of the Gerber and Babcock 
Tests: J. H. Erb presented the report of the Committee on Comparison of 
the Gerber and Babcock Tests, appended. Adoption was moved, seconded, 
and unanimously adopted. 
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Report of the Committee on Quality Program: P. H. Tracy presented 
reports of subcommittees on the Quality Pro*?ram. The report of the sub¬ 
committee on Cream, appended, was presented by H. C. Olson. The sub¬ 
committee on Ice Cream submitted no report. The report of the subcom¬ 
mittee on Cheese, appended, was presented by W. V. Price. The subcom¬ 
mittee on Condensed Milk and Milk Powder submitted no report. The 
report of the subcommittee on Milk Quality was prepared by H. A. Ben- 
dixen (report appended) and discussed by P. H. Tracy. 

Tracy moved, that the reports of the Committee on Quality Program be 
accepted. Motion was seconded and unanimously adopted. 

Meeting adjourned June 26,1942. 

PRODUCTION SECTION 

Secretary Dwight Espe of the Production Section then gave the follow¬ 
ing report. On motion duly seconded the report was adopted. 

The Production Section held three joint meetings with the Extension 
Section and one with the Manufacturing Section. On Wednesday, June 
24th, papers of special interest, but relating to different fields, were pre¬ 
sented on two programs. These programs were presided over by H. A. 
Herman and K. E. Turk, Chairman and Vice-chairman respectively of the 
Production Section. The largest total attendance during the day was 130. 

The Section held two business meetings, each of which was presided over 
by Mr. Herman. 

Reports from the various standing committees were called for. Copies 
of these reports are attached. Salient points incorporated in these reports 
are presented herewith for approval. 

1. Breeds Relation Committee: The Breeds Relation Committee met 
with representatives of the various dairy breed organizations. The com¬ 
mittee voted: (1) to approve the adoption and use of the Uniform Dairy 
Score Card; (2) to approve the recommendations of the Purebred Dairy 
Cattle Association eoininittee on Standardizing Testing Rules and Methods, 
with the exceptions noted on the attached copy. (3) It is further recom¬ 
mended that during the present emergency the minimum requirements with 
respect to the number of tests required for acceptance and publication of 
records as contained in the recommendations of the Testing Committee of 
the Purebred Dairy Cattle Association be approved. (4) That the recom¬ 
mendations of the Committee on ITniform Rules and Methods for Proving 
Sires and Brood Cows as per attached copy, be accepted. 

The report of this committee was approved by the Production Section. 
The Section voted, with the approval of the Extension Section, to make the 
Breeds Relation Committee a joint committee from the Production and 
Extension Sections. 

2. Committee on Measuring Results of Pasture Investigations: The com- 
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mittee asked that the American Dairy Science Association go on record as 
favoring early publication in the Journal of Dairy Science or a suitable jour¬ 
nal the report entitled ^‘Pasture Investigations Technique/' The report 
referred to was submitted in December, 1940, by a joint committee from the 
American Dairy Science Association, the American Society of Animal Pro¬ 
duction and the American Society of Agronomy. The recommendation was 
approved by the Production Section. 

3. Committee on Awards for Students National Contest in Judging 
Dairy Cattle: Since the recipients of the 1940 scholarships have been unable 
to accept these awards, due to active service in the war, the committee recom¬ 
mends that these scholarships be held open ‘‘for the duration." 

4. Committee on Methods for Proving Sires and Brood Cows: Report of 
the committee was read and accepted. The Section voted to appoint a joint 
committee with the Extension Section to be called the “Committee on Meth¬ 
ods for Proving Sires and Brood Cows." 

5. Committee on Silage Methods, Evaluation, etc,: Report of the com¬ 
mittee was read and approved. 

6. Resolutions Committee: Report of the committee was read and ap¬ 
proved. 

The question was raised regarding the advisability of electing the officers 
of the Production Section during the business meeting or by mail. The 
Section was almost unanimous in voting to continue with the present plan 
of electing officers at the business meeting. 

7. Nominating Committee: Report of the committee was read and ac¬ 
cepted. 6. W. Salisbury (Cornell) was elected secretary and Dwight Bspe 
(Iowa), vice-chairman. K. L. Turk (Maryland), the present vice-chairman, 
automatically becomes chairman of the Production Section for the ensuing 
year. 

EXTENSION SECTION 

Secretary B. C. Scheidenhelm of the Extension Section then read the fol¬ 
lowing report. Upon motion duly seconded it was adopted. 

The annual meeting of the Extension Section opened on Tuesday after¬ 
noon, June 23 with a joint symposium session with the Production Section 
on the subject “Nutrition and Reproduction in Dairy Cattle." 

The first business session was called to order June 24 at 9:00 A.M. by 
the Chairman, Glen Vergeront. Thirty members and sixteen guests were 
in attendance from 16 different states. 

During the three day session the program was developed by the various 
committees within the section. In addition to the Extension dairymen rep¬ 
resented on the committees a number of men had been drafted from the 
Production Section to supplement the program on various topics. 

The report of the Testing Committee was presented by the Chairman, 
B. W* Dickson. Some of the more important recommendations of the com- 
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mittee in addition to the papers given were: (1) Whenever possible the ser¬ 
vice of the government employment agencies be used in locating possible 
men for DHIA work. (2) A cooperative grouping of associations be ar¬ 
ranged in the states so that a continuous testing service can be maintained 
whenever possible. Report was accepted. 

E. J. Perry presented the program of the Sire Committee. Two excel¬ 
lent papers were presented pertaining to artificial insemination work. A 
form is being developed by this group to be used by all artificial insemination 
work. Report of the committee was accepted. 

6. E. Taylor presented the report of the Herd Health Committee. This 
report emphasized the need of a uniform program between states on health 
standards. Report accepted. 

C. L. Blackman presented the feeding committee report. Report was 
accepted. 

The Quality and Marketing Committee presented an excellent report 
which was accepted. A motion was passed to solicit the cooperation of the 
Quality Committee of the Manufacturing Section in holding a joint sym¬ 
posium of the Manufacturing and Extension groups at the next annual 
meeting of the Association on the subject of Quality Improvement of Dairy 
Products. 

L. 0. Gilmore presented the report of the recommendations of the Dairy 
Farm Management Committee which was to continue developing suitable 
standard forms for this project. Report accepted. 

Reporting of the progress of the 4r-H Dairy Club Committee was given 
by Joe Nageotte. Report of the Committee was accepted. 

Progress of the Type Rating Committee was presented by E. C. Scheiden- 
helm. Report accepted. 

The Exhibits Committee reported 11 states presented individual teaching 
methods and then a joint exhibit was presented by the Dairy Farm Manage¬ 
ment Committee. Report accepted. 

During the business session the final report of the Resolutions Committee 
was accepted, and presented to General Resolutions Committee. 

Two motions were passed to improve the committee work in the Produc¬ 
tion and Extension Sections. They were; (1) That there shall be a joint 
committee of the Production and Extension Sections known as the Dairy 
Cattle Breeding Committee rather than the present title of Sire Committee 
in both sections. The committee should consist of 6 men, 3 from each sec¬ 
tion. The chairman of each section to appoint the men representing his 
section. The chairman of the committee is to be appointed by the joint 
action of both sectional chairmen. ‘(2) That the Breed Relations Commit¬ 
tee be a joint committee of three men from each section, they being appointed 
by the chairman of their section. 

Mr. G. Q. Gibson was unanimously elected Secretary of the Section. The 
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ofiScers for the following year will be J. F. Kendrick, Chairman; E. C. 
Scheidenhelm, Vice-Chairman; and G. G. Gibson, Secretary. 

NECROLOGY COMMITTEE 

Mr. Charles Blackman, Chairman of the Necrology Committee, reported 
the death of the following members during the past year: Lawrence H. 
Addington, William A. Kyle, R. C. Fisher, Merrill J. Mack, R. S. Fleming. 
Information regarding the activities of these deceased members was con¬ 
tained in the report of the committee. Upon motion duly seconded the 
report was accepted to be made a matter of record in the minutes. 

REGISTRATION COMMITTEE 

Mr. G. M. Trout, Chairman of the Committee on Registration, gave the 
following report : 

Final tabulation showed the total registration at the 37th annual meet¬ 
ing of the Association to be 566 consisting of 394 men, 93 women, and 79 
children. Classification of the men showed that 196 or 49.7 per cent were 
from colleges, experiment stations, and the United States Department of 
Agriculture, and that 198 or 50.3 per cent were from commercial labora¬ 
tories, plants, state departments and inspectional staffs. Representatives 
were present from 38 states, the District of Columbia, and 2 provinces of 
Canada. The 12 leading states, including the District of Columbia, in 
representation were: 


Michigan.184 Missouri . 30 Washington, D. C. . 13 

Ohio. 54 New York. 29 Indiana . 10 

Illinois. 51 Pennsylvania. 20 Minnesota. 9 

Wisconsin.49 New Jersey. 15 Kentucky . 8 


Inasmuch as the 37th annual meeting of the American Dair;>" Science 
Association was the 16th annual summer meeting of the Association and 
the second summer meeting held at Michigan State College, it seemed desir¬ 
able to ascertain the number of meetings that the various members had 
attended. Consequently, when the letter seeking reservations was sent out 
a notice was sent also of the meeting places of the Association since 1906. 
Those anticipating attending the 1942 meeting were asked to check the 
meetings attended and return this sheet for compilation. Much interest 
was manifest in the meeting places. Approximately 140 replies from those 
expecting to attend the 1942 meeting were received. 

The attendance at previous meetings of those reporting and who were 
present in 1942 is presented in Table, 1. These data show the relatively 
high percentage of attendance at p:i;evious summer meetings of a cross sec¬ 
tion of 138 members attending the^l942 meeting and the influence of location 
of meetings on the attendance of those members. Only one member, E. S. 
Gnthrie, who was present at the first meeting in 1906 was present at the 
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1942 meeting. Three members, J. H. Prandsen, C. Larsen, and 0. B. Reed, 
attending the second meeting in 1907 were present at the 1942 meeting. 

TABLE 1 

The nwmher and per cent of 138 memhers attending the 1943 ADS A meeting who 
attended previous meetings, Beport based on 138 replies to questionnaire and not on total 
number in attendance at 1943 meeting. 


Meeting 

Location 

Date 

No. 

Per cent 

l8t. 

Urbana, Ill. 

1906 

1 

0.7 

2nd. 

Chicago, Ill. 

1907 

3 

2.2 

3rd. 

Ithaca, N. Y. 

1908 

4 

2.8 

4tli. 

Milwaukee, Wise. 

1909 

5 

3.6 

5th. 

Chicago, Ill. 

3910 

3 

2.2 

6th. 

ti it 

1911 

6 

4.3 

7th. 

ft t( 

1912 

6 

4.3 

8th. 

<< ti 

1913 

7 

5.0 

9th. 

it t( 

1914 

7 

5.0 

10th. 

San Prancisco, Calif. 

1915 

2 

1.4 

nth. 

Springfield, Mass. 

1916 

9 

6.5 

12th. 

Columbus, Ohio 

1917 

8 

5.7 

13th. 

tt ti 

1918 

10 

7.2 

14th. 

Chicago, Ill. 

1919 

19 

33.7 

15th. 

it it 

1920 

20 

14.4 

16th. 

St. Paul, Minn. 

1921 

25 

18.1 

17th. 

ti it it 

1922 

25 

18.1 

18th. 

Syracuse, N. Y. 

1923 

29 

21.0 

19th. 

Milwaukee, Wise. 

1924 

24 

17.4 

20th. 

Indianapolis, Ind. 

1925 i 

28 

20.2 

21flt. 

Detroit, Mich. 

1926 1 

34 

24.6 

22nd. 

East Lansing, Mich. (Ist summer) 

1927 j 

34 

24.6 

23rd. 

Madison, Wis. 

1928 

36 

26.1 

24th. 

Washington, D. C. 

1929 

40 

29.0 

25th. 

Ames, Iowa 

1930 

55 

39.8 

26th. 

Berkeley-Davis, Calif. 

1931 

9 

6.5 

27th. 

Lexington, Ky. 

1932 

51 

36.9 

28th. 

Urbana, Ill. 

1933 

57 

41.3 

29th. 

Ithaca-Geneva, N. Y. 

1934 

76 

55.0 

30th. 

St. Paul, Minn. 

1935 

68 

49.2 

3Xst. 

State College, Pa. 

1936 

89 

64.4 

32nd. 

Lincoln, Neb. 

1937 

77 

55.8 

33rd. 

Columbus, Ohio 

1938 

100 

72.4 

34th. 

Moscow, Idaho,-Pullman, Wash. 

1939 

45 

32.6 

35th. 

West Lafayette, Ind. 

1940 

100 

72.4 

36th. 

Burlington, Vt. 

1941 

97 

70.3 

37th. 

East Lansing, Mich. 

1942 

138 



The members who have attended ten of all the meetings of the Associa¬ 
tion are: Pordyce Ely of Kentucky, B. E. Horrall of Indiana, Ployd John- 
son of Iowa, H* B. Monier of Kentucky, P. B. Morrison of New York, T. S. 
Sutton of Ohio, and H. E. Herman of Missouri. 

Those who have attended eleven of all the meetings are: B. 0. Anderson 
of Connecticut, C. L. Blackman of Ohio, L. H. Burgwald of Ohio, J. C. 
Hening of New York, H. G. Lindquist of Mass., J. A. Nelson of Montana, 
Earl N. Shultz of N. H., Paul P. Sharp of New York, H. L. Templeton of 
Nebraska, L. C. Thomsen of Wisconsin, and G. M. Trout of Michigan. 
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Those who have attended twelve of the meetings are: R. E. Horwood 
of Michigan and G. E. Taylor of N. J. 

Those who have attended thirteen of the meetings are: H. P. Davis of 
Nebraska, E. G. Hood of Canada, H* C. Jackson of Wisconsin, C. P. Monroe 
of Ohio, L. S. Palmer of Minnesota, and K. G. Weckel of Wisconsin. 

Those who have attended fourteen of the meetings are: W. E. Erauss 
of Ohio, H. Macy of Minnesota, E. H. Parfitt of Illinois, W. V. Price of 
Wisconsin, C. W. Turner of Missouri and R. Whitaker of New York. 

Those who have attended sixteen of the meetings are: R. B. Becker of 
Florida, S. J. Brownell of New York, A. C. Dahlberg of New York, H. 0. 
Henderson of West Virginia, C. P. Huffman of Michigan, and S. M. Salis¬ 
bury of Ohio. 

Those who have attended seventeen of the meetings are: T. W. Gullick- 
son of Minnesota, E. M. Harmon of Illinois, I. W. Rupel of Wisconsin. 

Those who have attended eighteen of the meetings are: Earl Weaver of 
Michigan, and C. A. Hutton of Tennessee. 

Those who have attended nineteen of the meetings are: P. S. Lucas of 
Michigan, A. B. Nystrom of Washington, D. C., and W. E. Petersen of 
Minnesota. 

Those who have attended twenty of the meetings are: A. C. Baltzer of 
Michigan, A, J. Cramer of Wisconsin, H. W. Gregory of Indiana, E. S. 
Guthrie of New York, C. Larsen of South Dakota, and W. H. E. Reid of 
Missouri. 

H. W. Cave of Oklahoma attended 21 of the meetings. 

A. C. Ragsdale of Missouri attended 24 of the meetings. 

Those who attended twenty-five of the meetings are: A. A. Borland of 
Pennsylvania, J. B. Pitch of Minnesota, and R. B. Stoltz of Ohio. 

0. E. Reed of Washington, D. C., attended 30 of the meetings. 

J. H. Prandsen of Massachusetts attended 31 of the meetings. 

Of the 59 listed as having attended 10 or more of the 37 meetings, J. H. 
Prandsen heads the list with 31 meetings and 0. E. Reed, a close second 
with 30 meetings. J. H. Prandsen attended 23 of the first 25 meetings 
while C. Larsen attended 17 of the first 19 meetings. 

The names of those attending 10 or more of the 16 summer meetings 
are given below. Those attending 10 of these meetings are: Fordyee Ely 
of Kentucky, J. C. Hening of New York, H.* A. Herman of Missouri, B. E. 
Horrall of Indiana, R. E. Horwood of Michigan, C. P. Huffman of Michigan, 
Floyd Johnston of Iowa, H. B. Monier of Kentucky, C. P. Monroe of Ohio, 
H. B. Morrison of New York, T. S, Sutton of Ohio, and G. E. Taylor of 
New Jersey. 

Those who have attended eleiren of the summer meetings are; C. L. 
Blackman of Ohio, L. H. Burgwald of Ohio, H. C. Jackson of Wisconsin, 
H. G. Lindquist of Mass., P. S. Lucas of Michigan, H. Macy of Minnesota, 
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J. A. Nelson of Montana, L. S. Palmer of Minnesota, E. H. Parfitt of Illinois, 
Paul F. Sharp of New York, Earl N. Schultz of New Jersey, Hugh L, 
Templeton of Nebraska, L. C. Thomsen of Wisconsin, G. M. Trout of Michi¬ 
gan, and Earl Weaver of Michigan. 

Those who have attended twelve of the summer meetings are: A. C. 
Baltzer of Michigan, S. J. Brownell of New York, H. W. Cave of Oklahoma, 
J. B. Pitch of Minnesota, J. H. Prandsen of Massachusetts, H. 0. Henderson 
of West Virginia, A. B. Nystrom of Washington, D. C., W. H. E. Reid of 
Missouri, S. M. Salisbury of Ohio, and C. W. Turner of Missouri. 

Those who have attended thirteen of the summer meetings are: R. B. 
Becker of Florida, A. J. Cramer of Wisconsin, A. C. Dahlberg of New York, 
E. S. Guthrie of New York, E. G. Hood of Canada, W. E. Krauss of Ohio, 
W. E. Petersen of Minnesota, W. V. Price of Wisconsin, A. C. Ragsdale 
of Missouri, 0. E. Reed of Washington, D. C., I. W. Rupel of Wisconsin, 
and K. G. Weckel of Wisconsin. 

Those who have attended fourteen of the summer meetings are: A. A. 
Borland of Pennsylvania, H. W. Gregor^" of Indiana, T. W. Gullickson of 
Minnesota, and R. Whitaker of New York. 

R. B. Stoltz of Ohio has attended 15 of the summer meetings. 

R. B. Stoltz heads the list of attendance at summer meetings, having 
attended 15 of the 16. Pour others, A. A. Borland, H. W. Gregory, T. W. 
Gullickson and R. Whitaker have attended 14 of the 16 summer meetings. 
Honors go to R. B. Stoltz for having attended all of the last fourteen meet¬ 
ings. T. W. Gullickson follows closely with 13, while A. A. Borland, H. W. 
Gregory, W. E. Petersen, J. W. Rupel, K. G. Weckel and R. Whitaker each 
have attended 11 years without missing a meeting. A. A. Borland has the 
enviable record of having attended 25 of the past 27 meetings, missing only 
two from 1916 to 1942, inclusive. 

This report necessarily centers about the 1942 registration. While a 
record of the number of meetings attended by all the members of the Asso¬ 
ciation would be highly desirable it was next to impossible to make such a 
compilation. Doubtless the names of many members of long standing not 
present at the 1942 meeting should have been included in the above lists. 
Possibly the names of some members present in 1942 have been overlooked. 
To them apologies are offered. So much interest has been manifest in the 
meeting places of the Association and the records of attendance that it 
seemed this compilation was worthy of special effort. 

ewtob's report 

The Editor begs to submit the following brief report to the Board of 
Directors of the Association : 

1. Summary of Journal Contents. 

A summary of the Journal contents over the past four years is presented 
in the accompanying table. 
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SUMMARY OP JOTTBNAL CONTENTS 



1938-39 

1939-40 

1940-41 

1941-42 

Number of original articles . 

88 

94 

97 

101 

Pages of original articles. -. 

760 

826 

892 

938 

Number of reviews. 

2 

3 

5 

3 

Pages of reviews..* . 

26 

119 

144 

so 

Miscellaneous . 

140 

98 

157 

106 

Students National Contest, Proceedings Annual 





Meeting, Announcements, Circulation, Index, 





Committee Beports. 





Pages of Abstracts . 

232 

206 

304 

418 

Total number of pages printed . 

1158 

1245 

1497 

1542 

Claasifioation of Articlea 





Manufacturing articles . 

52 

53 

56 

59 

Pages occupied by Manufacturing. 

482 

450 

514 

548 

Production articles. 

28 

31 

35 

36 

Pages occupied by Production . 

212 

296 

316 

336 

Manufacturing-Production . 

8 

10 

6 

6 

Pages occupied. 

66 

80 

62 

54 

Classification Beviewa 





Manufacturing reviews. 



5 

1 

Pages occupied by Manufacturing Beviews 



144 

36 

Production reviews. 




2 

Pages occupied by Production Beviews. 




44 


The figures presented in this table represent 11 issues of the Journal for 
each of the first 3 columns, the June issues not being included. Figures for 
the present year include 12 issues inasmuch as the present June issue is 
given over to the publication of original papers. The total size of the Jour¬ 
nal has not increased the past year; in fact, it is some 40 pages less than 
1940-41. 

2. Abstracts: You will note a substantial increase in the number of pages 
of abstracts. During the past year a set of directions for abstractors and 
associate abstract editors was prepared. These directions were well received 
and should materially assist .in promoting further improvement in our 
abstract service. 

The advance abstract service was started following the sanction of the 
Board of Directors at the annual meeting of 1940. The principal reason for 
initiating this program was as follows. At that time we were considerably 
behind in the publication of manuscripts and it was usually six months or 
loi^r from the time a manuscript was received until it appeared in print. 
Out of courtesy to our contributors the plan was proposed to call attention 
to their work which would later be publi^ed in detail. 

We have since managed to catch up on publication until at the present 
ii a reviewer delays in returning an article which has been mailed to him for 
review the abstract may not appear until the same issue in which the manu- 
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script appears. Therefore the major reason for undertaking this project 
is no longer valid. This project might be dropped without any serious cur¬ 
tailment of service to our readers or contributors. I so recommend. 

3. The Twenty-Year Index: The Twenty-Year Index has appeared. 
Those who have examined this work are impressed with the magnitude of 
the undertaking and the masterful w^ay in w’hich the job was done. We 
• wish to publicly express our gratitude and appreciation to Dr. Harold Macy 
to whom all credit for this lasting contribution is due. 

To all of those who have given so generously of their time and energies 
in our assistance, we wish to express our gratitude. The continued success 
of our Journal is dependent upon this fine spirit of helpful cooperation. 

Upon motion duly seconded the report was accepted. 

JOURNAL MANAGEMENT COMMITTEE REPORT 

A. A. Borland of the Journal Management Committee then read the fol¬ 
lowing report: 

Your Committee on Journal Management beg to respectfully submit the 
following report covering operations during the year 1941-1942. 

Directions for Associate Abstract Editors and Abstractors: The Editor, 
in collaboration with the associate abstract editors, prepared a set of directions 
intended to serve as a guide to the abstractors. These directions have for 
their purpose to set forth a general plan of the w’ork of abstracting, to state 
the requirements as to content, style, and form, and to improve the quality 
and uniformity of abstracts. The directions are replete with information 
that will prove helpful to the abstract editors and the abstractors in their 
efforts to comply with the editorial policies and standards of the Journal. 
We congratulate the editor on this worthwhile achievement. 

Use of Journal Abstracts in Other Publications: It has come to the atten¬ 
tion of our committee that at least in one case an abstractor has been follow^- 
ing the practice of supplying the “Journal of Biological Abstracts’’ with 
copies of his abstracts made and intended for the Journal of Dairy Science. 
This was done without the knowdedge of the editor or the Board of Directors. 
We believe such practice to be contrary to the best interests of our Journal 
and should be discontinued. We, therefore, recommend that your Board 
establish a rule embodying the sense of the following suggestions: 

1. That in as much as abstracts, being paid for by our Association are 
the property of this Association and not of the paid abstractors, ab¬ 
stractors may not dispose of copies of their ab.stracts to other publica¬ 
tions, and 

2. That all requests from other publications upon our abstractors for 
copies of their abstracts shall be referred to the Editor. 

Policy on Distrihution of Reprints: There appears to be a tendency on the 
part of some of the committee chairmen to take charge of the distribution 
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of reprints of their committee reports. This practice tends to complicate 
our system of handling reprints, to cause inevitable confusion in our reprint 
service. It appears desirable, therefore that a definite policy be established 
on the distribution of reprints of committee reports and of similar special 
material published in the Journal, preferably in line with the following sug¬ 
gestions : 

1. That all orders for reprints of committee reports be referred to the. 
Secretary-Treasurer, and that the distribution of such reprints be 
handled in a similar way as is now being done with reprints on ‘‘Meth¬ 
ods of Analysis.’’ 

2. That the Secretary-Treasurer invoice the recipients to the extent of 
fully covering the cost of the reprints. 

Price of Journal to Countries Other than the United States and Canada: 
It has always been the practice of the Journal to charge fifty cents additional 
for subscriptions from all countries other than the United States, its posses¬ 
sions and Canada. This appears to be an unnecessary hardship, especially 
to subscribers in North and South America. Upon suggestion by the Secre¬ 
tary-Treasurer, your committee authorized elimination of this extra charge, 
subject to approval of your Board, making the subscription price of the 
Journal to all countries in North and South America the same as for the 
United States and Canada, i.e, $6.00 instead of $6.50. We respectfully 
request the approval of this action by the Board. 

Recommendations hy the General Board of Dairy Research: We appreci¬ 
ate the suggestions relative to abstract service, review articles, etc., contained 
in the 1942 Report of the Committee on Abstracts and Reviews of the General 
Board of Dairy Research, and it is our desire and our effort to cooj)erate 
with the General Board of Dairy Research to the best of our ability. In 
the present abnormal times, however, with a decline of our revenues from 
membership dues, subscriptions, and advertisements, and with an increase 
in the cost of issuing the Journal, we have reason to doubt the wisdom of 
making changes in the Journal set-up that would further increase its 
operating cost, unless additional revenues can be made available in amounts 
sufiBcient to cover the added cost. 

Cancellation of Macfarland and Heaton Contract: On account of com¬ 
plete absence of any action on the part of the advertising firm of Macfarland 
and Heaton in soliciting advertising for the Journal as per their contract 
that was approved by your Board at last year’s Annual Meeting, we recom¬ 
mend cancellation of our contract with the above agency, to take effect at 
once. 

Financial: The financial performance bf the Journal for the year 1941 has 
been satisfactory. Although the iiysOme from members and subscribers has 
been decreasing each' year since 1939, and the cost of printing the Journal 
has gradually increased each year since 1935, the Journal made a net profit 
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as shown by the annual report of the certified Public Accountant, a copy of 
which reached every member of the Board of Directors and the Journal 
Management Committee. 

Elimination of Advanced Abstract Service: At the Annual Meeting of 
1940, it was agreed that abstracts of papers which were to appear in the Jour¬ 
nal should be abstracted for this reason: That it was usually six months or 
longer from the time an article was received until it appeared in print. By 
printing the abstract in advance, the readers would know what was to be 
published. Since we are now pretty well caught up on publications, the 
advance abstract frequently appears in the same Journal as the original 
article and the need of printing the abstract separately is not as important 
as it was when it was longer between receiving the article and the time of its 
publication. We, therefore, recommend that the printing of abstracts in 
advance of their publication in the Journals be discontinued in the interest 
of economy. 

It was moved, and seconded, that the Journal Management Committee 
report be accepted. 

SECRETARY-TREASURER REPORT 

The Secretary-Treasurer gave the following report : 

Membership and Circulation: The circulation of the Journal for 1941 ex¬ 
celled all previous years. It reached 2,417. In 1939 it was 2,400 and in 
1940 it was 2,374. Last year our 2,417 circulation was made up of 1,292 
members, 669 subscribers, 65 associate subscribers and 391 student afiili- 
ates. 

In 1941 we took in 93 new members, 59 of which paid their $5.00 afiSlia- 
tion fee and 34 were student affiliates and became members without paying a 
fee. This year up to June 17 we had taken in 69 new members, 34 of which 
pai<l the $5.00 fee, and 35 who were former student affiliates. 

Assuming that we will have 30 additional new members the balance of 
this year, we may count on an increase of 100 members each year. How 
does this compare to our losses? In 1940, 99 of our members vrere dropped 
from the rolls because of their being delinquent, 19 resigned their member¬ 
ship, and 5 died making a total loss of 123. In 1942 we have had 5 deaths, 
49 resignations, and 130 members are now delinquent. The possibilities are 
that 30 of these members wull still pay their dues, which will make a total 
loss of 154 members. This is just about 25 greater loss than it was in 1941, 
and our loss in members this year is estimated at about 50 more than new 
members we have received, making a net loss of about 50 members. 

You may be interested as to which members become delinquent, whether 
they are new or old. Of the 130 members delinqunt 19 had only been mem¬ 
bers one year; 21 had been members for two years; 35 had been members for 
three years; 24 had been members for four years; 10 had been members for 
five years; and 21 had been members for five years or more. 
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This brings us to the problem of why men who have been trained in the 
science of dairying, make their living in this field but who are not sufficiently 
interested to sacrifice $5.00 per year so that they may continue to receive 
the Journal of Dairy Science. It is my opinion that during the student’s 
four years in college he has not had impressed upon him the necessity of his 
continued need of reading to keep up to date. 

The Secretary then read a letter from Professor Gtoss of Iowa regarding 
the need of assigning articles to be read in the Journal by the students. 
He commented that we are not making as much use of the Journal and its 
facilities among our students as the worth of our publication warrants. Pro¬ 
fessor Gk)ss told in his letter about Weckel of Wisconsin writing to parents 
of students to have them give a student affiliation as a Christmas letter to 
their sons. 

The Secretary read the number of subscribers from four of the twenty- 
four foreign countries to demonstrate that those countries who are at war 
have not decreased their interest in dairy science: 



1938 

1939 

1940 

1941 

1942 

England, Ireland, and Scotland 

55 

50 

52 

46 

44 

Australia and New Zealand. 

49 

50 

50 

54 

53 

Japan . 

48 

45 

40 

38 


U. S. S. R. 

34 

47 

33 

36 

4 


Illinois leads the states in memberships having had 127 members last 
year. New York leads with suscriptions with 47 last year and 49 this year. 
Iowa stands first in number of student affiliates both this year and last. 
They had 56 last year and 48 thus far this year. 

Index: 2,000 copies of the 20-Year Index were printed; 1,000 in paper 
covers and 1,000 in cloth covers. On June 17, 1942, we had delivered 706 
paper covered copies, and 363 cloth covered copies. 

These indexes cost approximately $4,000. We have received a little 
more than $1,500 so that the Association will probably be out about $2,000 
and the Board of Directors made the price in this way because they believed 
this was a contribution that they could make to the membership. 

All paper bound 20-Year Index are now $2.00, and cloth bound are $2.35; 
to non-members they will sell for $5.00 and $5.50. 

Bach Copies: Since the 20-Year Index is now in your hands it would be 
a good time to complete your back volumes. We suggest that you check 
your libraries and that they have the complete volumes from one to twenty- 
four inclusive. 

Advertising: Our advertising has been most satisfactory. In 1938 we 
sold 93i pages; in 1939,124 pages; in 1940,126i pages, and last year, 1941, 
1401 pages. The first half of 1948,^ Ve have sold 67 pages, which is less than 
1941, but a little more than 1940. We are most grateful for those who use 
our pages as an advertising media. Last year our advertising income 
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amounted to more than $5,000.00 which is equivalent to the dues of 1,000 
members. We will appreciate any courtesies shown the advertisers. 

Financial: A report of the Certified Public Accountant was sent to each 
Director the latter part of February. This shows that our income for 1941 
was $18,246.59, and our operating expenses were $17,566.03. Our net worth 
is $20,100.11. We have an investment in Government Bonds of $17,790.00 
in addition to the $1,500 worth authorized by the Directors at their Board 
Meeting yesterday. This does not include income and expenditures of print¬ 
ing the 20-Year Index. 

Upon motion duly seconded the Secretary's report was accepted. 

The Secretary then read the minutes of the Board of Directors meetings. 
They will be found following the minutes of this meeting. 

A motion was made and seconded that the minutes of the Board of Di¬ 
rectors be accepted, and that all action taken by the Board of Directors 
during the past year be approved and endorsed by the Association. Motion 
carried. 

S. M. Salisbury of the Auditing Committee submitted the following 
report; 

May 16. 1942 

To the Members of the American Dairy Science Association 
Gentlemen : 

Mr. Walter Burnham of Columbus, Ohio, Certified Public Accountant, 
has made an audit and report of the financial condition of the Association. 

The Auditing Committee has conferred with Mr. Burnham and is satis¬ 
fied that he has made a careful examination of all assets and liabilities of 
the Association and that all accounts are accurate. The committee is satis¬ 
fied that the balance sheet and related summary of profit and loss represents 
the financial condition of the American Dairy Science Association. 

Upon motion duly seconded the report was accepted. 

Mr. C. G. Bradt of Cornell presented a report of the committee officially 
appointed by the American Society of Animal Production, the American 
Veterinary Medical Association, the Poultry Science Association, the U. S. 
Livestock Sanitary Association, and the American Dairy Science Association 
to discuss plans for cooperative work on animal disease and productive 
eflSciency. Upon motion duly seconded the report was accepted. 

Mr. Paul Sharp of Cornell who had been appointed by President Judkins 
to represent the American Dairy Science Association on the General Board 
for Dairy Besearch reported of their activities. 

0. E. Reed, who had been apppitited to represent the American Dairy 
Science Association on the National Research Council gave a report of the 
work of the Council. 
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NOMINATING COMMITTEE 

Mr. H. C. Jackson of the Nominating Committee gave the following 
report. Upon motion duly seconded the report was accepted. 

For Vice-President: A. C. Dahlbebg and G. M. Trout 
For Directors: R. B. Becker and Dwight Seath 

W. B. Nevens and W. E. Petersen 

resolutions committee 

Mr. W. H. E. Reid, Chairman of the Resolutions Committee, submitted 
the following report: 

The American Dairy Science Association assembled in its thirty-seventh 
annual meeting at Michigan State College, wishes to express for the mem¬ 
bers, their families and guests, its appreciation for the hospitality, delightful 
entertainment and splendid facilities provided by the officials and faculty 
of that college. 

Therefore, be it Resolved : That the members of the Asso(*iation publicly 
express their sincere appreciation to Dean E. L. Anthony; to Professor Earl 
Weaver and his departmental staif; to the Kalamazoo Vegetable Parchment 
Company; to the Michigan Dairy Industry Committee; to the Michigan 
Dairy Herd Improvement Associations; to the National Dairy Products 
Corporation; to the Borden Dairy Company and to the several departments 
of Michigan State College and other agencies cooperating in providing the 
entertainment and many fine courtesies. 

Whereas: The general health and physical well-being of the men in our 
armed forces and those of our Allies and our people at home constitute the 
first essential in our national defense, and. 

Whereas: We recognize the necessity to safeguard the health and well¬ 
being of the American people, that they be encouraged to use more milk, 
butter, cheese and ice cream and other dairy products consistent with the 
balance of our Lend Lease aid to our Allies. 

Therefore, be it Resolved: That this Association urge the Honorable 
Claude Wickard to issue a statement encouraging the people of the United 
States to consume larger volumes of milk and milk products and thereby help 
to adjust existing conditions which now tend to jeopardize the entire dairy 
industry. 

Whereas: The United Dairy Committee under the leadership of its 
capable chairman, Mr. Ralph Ammon, Commissioner, State Department of 
Agriculture of Wisconsin, has made definite progress in its endeavor to 
protect the dairy industry of this country, 

Therefore, be it Resolved : That this Association commend and recognize 
the efforts of Commissioner Ammon and the members of the United Dairy 
Committee. 

Whereas: Our Federal Government has asked for an increase in the 
total volume of milk as a part of the war program, 

Therefore, be it Resolved : That we commend the notable efforts that our 
Dairy Extension Specialists have put forth by aiding the dairy farmers in 
approaching the national goals. 
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Whereas : The Bureau of Dairying and the Bureau of Home Economics 
of the U. S. Department of Agriculture, the Federal Food and Drug Ad¬ 
ministration ; the Quartermaster Department of our armed forces; the U. S. 
Public Health Service; the Departments of Agriculture and the State De¬ 
partments of Health of our respective states have made worthy contributions 
to the diet of our men in service, with special reference to milk and milk 
products, 

Therefore, be it Resolved : That this Association commend these different 
federal and state agencies for their respective contributions. 

Whereas: 0. A. Ghigoile, Chief, Bureau of Dairy Service, California 
State Department of Agriculture; L. G. Kuenning, Chief, Dairy Division, 
Wisconsin Department of Agriculture; V. L. Fuqua, Dairy Commissioner, 
Tennessee Department of Agriculture; and Commander Fuchs, Director, 
Milk Division, U. S. Public Health Service, made able contributions to the 
program of this annual meeting, 

Therefore, be it Resolved: That this Association express its sincere 
appreciation to each of these men. 

Whereas : The work of a dairy herd improvement association is funda¬ 
mental in furnishing a background of information for sound and eflScient 
action in 4-*H dairy club work, sire proving, dairy cattle breeding, selection 
and improvement. 

Therefore, be it Resolved: That this Association hereby commend the 
work of the Bureau of Dairy Industry U. S. D. A., and the office of Dr. J. F. 
Kendrick, and that of the several states in this field and bespeak the con¬ 
tinuance and the financial support for this work. 

Whereas: The Purebred Dairy Cattle Association has developed (1) a 
Standardized Dairy Cow Score Card, (2) Standardized Production Testing 
Rules, (3) Uniform Rules and Method for Proving Sires and Brood Cows, 
and (4) Uniform Blanks for the Identification and Reporting of Registered 
Cows Artificially Inseminated in Cooperative Breeding Association, 

Therefore, be it Resolved : That the American Dairy Science Association 
highly commend the Purebred Dairy Cattle Association for this progressive 
action. 

Whereas : The demonstrations given at Michigan State College relating 
to experiments in progress created great interest in these investigations, 

Therefore, be it Resolved ; That other host institutions be encouraged to 
arrange for similar demonstrations when the nature of the experiments make 
that possible. 

Whereas : This Association recognized the importance of awards in giv¬ 
ing incentive to students throughout the country for continued activities and 
study in the field of dairy cattle breeding and production. 

Therefore, be it Resolved: That donors of prizes for the winners in the 
National Collegiate Students Dairy Cattle Judging Contest be thanked indi¬ 
vidually in the name of the Production Section of this Association by the 
chairman of the Committee on Awards. 

Whebeas: This Association recognizes the importance of awards in giv* 
ing incentive to students throughout the country for continued activity in 
study in the field of dairy manufactures. 



THIRTY-SEVENTH ANNUAL MEETING 


759 


Therefore, be it Resolved : That donors of prizes for the winners in the 
National Collegiate Students Dairy Products Judging Contest be thanked 
individually in the name of the Dairy Manufacturing Section of this Associ¬ 
ation by the chairman of the Committee on Awards. 

Whereas: The Borden Company is continuing its awards for recom¬ 
mendation of continued research in dairying, 

Therefore, be it Resolved : That the American Dairy Science Association 
express its appreciation to the Borden Company for its continued interest in 
dairying. 

Wheels : Dr. Harold Macy has made such an excellent contribution to 
the American Dairy Science Association by preparing the excellent 20-Year 
Index of the Journal of Dairy Science, 

Therefore, be it Resolved : That this Association shall express its utmost 
appreciation to Dr. Macy. 

P. P. Sharp moved and G. M. Trout seconded that the report be accepted. 

Meeting was then adjourned. 

MEETING OP BOARD OF DIRECTORS, AMERICAN DAIRY 
SCIENCE ASSOCIATION 

R. B. Stoltz, Secretary-Treasurer 
East Lansing, Michigan, 8:00 F. M., June 22,1942 

A meeting of the Board of Directors of the American Dairy Science Asso¬ 
ciation was held in the library of Abbot Hall Monday, June 22, 1942, at 
8:0()P.M. 

Present: President H. P. Judkins; Vice-President H. P. Davis; Secre¬ 
tary-Treasurer, R. B. Stoltz; Directors, Fordyce Ely, A. C. Dahlberg, J. C. 
Knott, G. M. Trout. 

The three Sectional Chairmen, J. P. Kendrick, L. H. Burgwald, and 
H. A. Herman, were invited to meet with the Directors in order to discuss 
the rules and regulations of the sections. 

The Manufacturing and Extension Sections were requested to cliauge the 
time of incoming oflScers taking their office from October 1st to July 1st 
following their election. 

The President W’as authorized to appoint a committee to submit amend¬ 
ments to our Constitution and by-laws. The following were appointed to 
report at our next annual meeting: A. C. Dahlberg, Chairman; G. M. Trout, 
and B. B. Stoltz. 

Editor T. S. Sutton then presented the report w^hich is printed in the 
minutes of the General Meeting, followed by the Journal Management Com¬ 
mittee report which is also reported in the preceding minutes. 
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President Judkins then announced that 0. F. Hunziker had submitted 
his resignation from the Journal Management Committee and the Secretary 
was authorized to notify 0. P. Hunziker of the Association’s deep appreci¬ 
ation for the many valuable contributions rendered during the many years 
of his service on the Journal Management Committee. 

Davis moved and Dahlberg seconded that 0. P, Hunziker be made a life 
member of the American Dairy Science Association as a token of our appreci¬ 
ation of his work on the Journal Management Committee. 

President Judkins appointed A. C. Dahlberg to serve as chairman of the 
Journal Management Committee. 

Ely moved, Davis seconded that the Pennsylvania State Student Branch 
be given a Certificate of Membership. 

The Secretary-Treasurer then gave his report which is printed in the 
preceding minutes of the General Meeting. 

The budget which was mailed previously to all Directors for the year 
1943 was approved. 

Since each member is given an opportunity to make nominations for the 
Borden Award at the time of election of officers there seems to be no need of 
nominating committees for this purpose, and it was therefore moved and 
seconded that the nominating committee for the Borden Awards be abolished. 

The second meeting of the Board of Directors was held in the library of 
Abbot Hall Wednesday, June 24,1942, at 11:15 A.M. 

Present: President H. P. Judkins; Vice-President H. P. Davis; Secre¬ 
tary-Treasurer, R. B. Stoltz; Directors, H. W. Cave, Pordyce Ely, A. C. 
Dahlberg, J. C. Knott, and G. M. Trout. 

The minutes of the last Board meeting were read and approved. 

A letter was read from Director Chas..N. Shepardson stating that h 
would be impossible for him to attend the Annual Meeting and that it was 
wth sincere regret that they would be unable to entertain our Association 
in 1943. This co idition has been brought about by the accelerated program 
and the training and housing of fourteen hundred sailors in a naval radio 
school. He further requested that their invitation be kept on file and that 
the annual meeting be held in Texas as soon as possible after the termination 
of the present conflict. 

An invitation was read from the University of Missouri to hold our 
annual meeting in Columbia, Missouri, in 1943. 

Cave moved and Davis seconded that the invitation from the University 
of Missouri for 1943 be accepted. 

It was moved by Trout, seconded by .Ely that the Secretary-Treasurer be 
authorized to invest $1,500.00 in (2,000 worth face value) War Bonds 
Series P. • 

The board then adjourned. 
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AMERICAN DAIRY SCIENCE ASSOCIATION PRESENTED 
BORDEN AWARDS TO H. H. SOMMER AND 
W. E. PETERSEN 

Michigan State College 
Eost Laming, Michigan, June 25,1942 

Mr. E. L. Anthony acted as toastmaster at the Annual Association Ban¬ 
quet, and presented Mr. W. A. Wentworth of the Borden Company who 
introduced six of the former recipients of the Borden Award: C. F. Huff¬ 
man, W. E. Krauss, K. G. Weckel, C. W. Turner, Paul P. Sharp, and L. S. 
Palmer, who received the Award for the American Chemical Society. 

Mr. H. W. Gregory, Acting Chairman of the Committee for the Borden 
Award in Dairy Manufacturers made the following statement: 

‘‘The Borden Awards to the American Dairy Science Association are 
made possible by the generous support which one of our largest corporations 
engaged in the Dairy Industry has seen fit to offer each year to two indi¬ 
viduals for outstanding research pertaining to dairy x)roduetion and dairy 
manufacturing. The Borden Company has insisted that in the administra¬ 
tion of these awards, that this Association have complete jurisdiction over 
the rules covering the method of selection of each recipient, the naming of 
the recipient, and methods of presentation of the awards. 

“Each of the awards consists of a gold medal and one thousand dollars 
($1,000.00). The Borden Company has offered these awards since 1936 and 
the first Borden Award was made in 1937. 

“Acting for the Chairman, Dr. N. W. Hepburn of the Dairy Manufac¬ 
turers Borden Award Committee, it is my privilege and duty to name the 
recipient of tlie Dairy Manufacturing Research Award. 

“The recipient of this year’s award is now engaged in teaching and 
research in dairy manufacturing in one of our well known mid-western agri¬ 
culture colleges. He was graduated from this institution in 1918, received 
his Master’s degree in 1919 and his Doctor’s degree in 1922 from this same 
institution. He has made many valuable contributions to dairy science. 
His contribution, to our knowledge of ‘Salt Balances in Milk and Dairy 
Products’ and the ‘Effect of Metal on Milk Flavors’ are outstanding. 

“Probably his tw’O greatest contributions are his two dairy text books. 
His first book w^as entitled, ‘The Theory and Practice of Ice Cream Making’ 
published in 1932 and revised in 1935. In 1938 his book entitled, ‘Market 
Milk and Related Products’ was published. These two books are widely 
used as text books in this country. * 

“It was the unanimous opinion of the committee that Doctor Hugo 
Henry Sommer, Professor, Dairy Industry in the University of Wisconsin, 
be selected for the 1942 Borden Dairy Manufacturers Research Award.’’ 
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Mr. Sommer came to the platform and Mr. Wentworth of the Borden 
Company presented him a gold medal and a check for $1,000.00. 

Mr. Anthony, the toastmasteir, then introduced Mr. 0. E. Beed, Acting 
Chairman of the Borden Award Committee for Production. Mr. Beed then 
made the following statement: 

“Dr. William Earl Petersen was bom February 3, 1892, at Pine City, 
Minnesota. He received his B.S. Degree at the University of Minnesota in 
1916, his M.S. degree at that institution in 1917, and his Ph.D. degree at the 
University of Minnesota in 1928. He was extension dairy specialist at 
Kansas State College from 1917 to 1920, field secretary for the Minnesota 
Holstein Breeders Association 1920 to 1921, and has been a member of the 
dairy husbandry staff at the University of Minnesota from 1921 to the pres¬ 
ent time where he holds the position of Professor of Dairy Husbandrj'. 

“While Dr. Petersen’s chief interest is the physiology of dairy cattle, his 
researches have extended into the fields of dairy chemistry and dairy cattle 
breeding and nutrition. 

“His most outstanding work has been in the field of the physiology of 
milk secretion in which his publications include studies relating to the carbo¬ 
hydrate, fat, protein and mineral metabolism of the mammary gland, and 
also, hormonal, histological, physical and physical-chemical studies relating 
to milk secretion. The development of the perfusion apparatus, consisting 
of an aHificial heart and lung for the perfusion of excised mammary glands 
free of the influence of other organs, has been one of his most important 
recent contributions. 

“In addition, his accomplishments include the development of the Minne¬ 
sota Babcock reagent, widely used in both buttermilk and blood fat determi¬ 
nations and the development of a practical method of evaluating feeds, 
adopted by Morrison in his latest edition of ‘ Feeds and Feeding. ’ His publi¬ 
cations also include the widply used book ‘Dairy Science’ and two secondary 
school textbooks: ‘American Farming and Agriculture,’ Volumes I and II. 

“Dr. Petersen has continued to grow in his work from year to year and 
to expand his great capacity for work in varied fields of investigation. He 
has remained a student and at the present time in addition to carrying on 
his teaching, researches and other work, attends no fewer than three differ¬ 
ent physiological seminars each week during the school year. Perhaps his 
greatest attribute in his unbounded enthusiasm in research work and his 
ability to instill this enthusiasm in his students with whom he works very 
closely, frequently remaining in the laboratory until long after midnight. 

“The three members of the Production Award Committee have unani¬ 
mously selected the recipient for the 19^ Borden Award.’’ 

Mr. Wentworth of the Borden Company then presented Mr. Petersen the 
gold medal and a check for $1,000.00. 
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THE USE OF ENZYME-CONVERTED ("CRN SIRUP IN THE 
MANITFAC^TITRE OP BULK SWEETENED 
C^ONDENSED MILK^ 


P. TL TRACY AND GEORGE EUMAN 
Drparlnunt of J)airp nushandrp, University of Illinois, Urhana, Illinois 


The use of sucrose suprar as a preservative in condensed milk has been 
practiced for a {^ood many years. However, sucrose shortapjes that have 
recently developed make it advisable to consider other types of sweetening 
agents for preserving food products. In the period immediately following 
the first World War considerable progress was made in the development of 
methods for manufacturing refined dextrose, and in 1930 the United States 
Secretary of Agriculture ruled that the use of pure refined corn sugar in the 
preparation of an article of food need not be declared upon the label. 
Ramsey, Tracy and Ruehe (1), in 1933, reported that dextrose could be used 
to replace one-half the sucrose used in the manufacture of sweetened con¬ 
densed skim milk. IVhen all the sucrose was replaced with dextrose, mass 
crystallization took place. Greater tendency toward physical thickening and 
brown discoloration occurred when the dextrose was used, making special 
preheating procedures and storage conditions advisable. 

The use of* corn sirup in the manufacture of condensed milk has not been 
given serious consirleration because of the low dextrose and high dextrin 
content of this product. Recently, however, high-(»onversion types of corn 
sirup have been developed which contain less dextrin and a much higher 
dextrose equivalent than the ordinary glucose simp. This is shown by the 
follow’ing comparison of the analysis* of representative samples of these two 
types of corn sirup: 


Moisture 

Dextrose 

Maltose 

High sugars 

Dextrins 

Ash 


High- (enzyme) i*on\erted 
eorn sirup 


% 

38.0 

33.0 

23.5 

0.4 

38.8 

0.3 


Confectioners ’ type of 
corn sirup 


% 

19.7 

17.6 

36.6 
16.2 

29.6 
0.3 


Received for publication April 13,1942. 

IA portion of the thesis submitted by the junior author to the Graduate School of 
the University of Illinois in partial fulfillment of the requirements for the M.S. degree in 
Dairy Husbandry. 

2 Data supplied by the laboratory of the A. E. Staley Manufacturing Co., Decatur, Ill. 
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A study was planned in which both sweetened whole and sweetened con¬ 
densed skim milk were manufactured in order to study the practicability 
of the use of the enzyme-converted corn sirup in the manufacture of sweet¬ 
ened condensed milk. The present report has to do with the development 
of manufacturing methods. The bacteriological aspects of this study will 
be reported in a later publication. 

METHOD OP STUDY 

The batches of sweetened condensed milk were prepared in a commercial 
sized (36-inch) vacuum pan. The substitution of the sucrose for the high 
conversion corn sirup was on a dry matter basis. 

Pasteurized milk was preheated in an open tyi)e hot well with live steam. 
The sugar was added in the first series in the hot well before preheating, but 
in the last two series the milk and sugar solutions were preheated separately. 
The condensing process was continued until the finished product contained 
approximately 28 per cent milk solids, 42 per cent sugar and 70 per cent total 
solids in the ease of the sweetened skim milk. The sweetened condensed 
whole milk was standardized to contain 8 per cent fat, 20 per cent serum 
solids, and 42 per cent sugar solids. 

The important variables that were introduced were 1) preheating tem¬ 
perature; 2) method of adding the sugar, 3) amounts and kinds of sugar 
added; and 4) the temperature and time of storage. These variables were 
used as shown in table 1. 

In order to study the effect of time and temperature during storage, a 
number of one-half pint glass milk bottles were filled from the batches of 
sweetened condensed skim milk designated in the table. The bottles Avere 
disc capped, sealed with hood caps, and divided into three groups. The first 
group was stored at 90® F.; the second group was stored at 66® P.; and the 
third group was stored at 40®'F. 

Samples stored thus were removed at definite intervals of time and 
examined for color, body (viscosity), flavor and acidity, and pH. 

Color determinations were first made with a K & E color analyzer manu¬ 
factured by the Keuflfel & Bsser Company" of Hoboken, New Jersey. Due to 
physical changes in the condensed milk during storage at the high tempera¬ 
ture, this method showed some inconsistency in results. Therefore, it was 
discontinued after four weeks. Thereafter the samples were grouped accord¬ 
ing to their color as determined visually by the judges. 

The viscosity or body was determined by two methods. One method was 
to use a pipette with the small end removed and calibrated to deliver 10 ml. 
Two marks were placed on the pipette with a capacity of 5 ml. between the 
two marks. By the use of a stopwatch the rate of flow from one mark to the 
other was determined, the temperature being constant at 100® F. Here 
again difficulty was encountered because of the high viscosity that some of 
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TABLE 1 


Composition and heat treatment given to experimental hatches 


Batch No. 

Sucrose 

High conversion 

Preheating 



corn sirup 

temperature 


Series I. Prepared March Sl-April 12, 1939. 
Sugar preheated with the skim milk 



% 

% 

°F. 

A-1 

42.0 

0.0 

170 

A-2 

42.0 

0.0 

185 

A-3 

42.0 

0.0 

200 

B-1 

0.0 

42.0 

170 

C-1 

21.0 

21.0 

170 

C-2 

21.0 

21.0 

185 

C-3 

21.0 

21.0 

200 

D-1 

10.5 

31.5 

170 

D-2 

10.5 

31.5 

185 

D-3 

10.5 

31.5 

200 


Series II. Prepared June 3-0 une 10, 1939. 
Sugar and skim milk preheated separately 



% 

% 

oy. 

B-lx 

0.0 

42.0 

170 

B-2x 

0.0 

42.0 

185 

C-lx 

21.0 

21.0 

170 

0-2X 

21.0 

21.0 

185 

I)-lx 

10.5 

31.5 

170 

D-2x 

10.5 

31.5 

185 

Scries III. Prepared September 20-October 16, 

1939. 


Sugar and skim milk im'heated separately 



% 

% 

°F. 

A-lx 

42.0 

0.0 

170 

B-lx 

0.0 

42.0 

170 

C-lx 

2J.0 

21.0 

170 

C-lz 

21.0 

« 

170 

C-lxWt 

21.0 

21.0 

170 


40—samples stored at 40'^ F. 

66—^samples stored at 66° P. 

90—Bsimples stored at 90° F. 

* 21% dextrose, 
f W = Whole milk. 

the samples soon developed. The second method for determining the vis¬ 
cosity was the “stirring test.” Wooden sticks were placed in the samples 
and the resistance to stirring compared. An arbitrary valuation of 3 to 15 
was used for recording the relative viscosities. This method checked very 
well with the other method described, and it was most useful after the sam- 
pies became too thick to flow. 

Flavors were judged in the same manner as market milk. Scores were 

designated for each sample by the judges. 

The titratable acidity was measured by titrating 18 grams (17.6 ml.) of 
sample with tenth-normal NaOH using phenolphthalein indicator. The 
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samples were prepared by making: a 1 to 10 dilution of the sweetened con¬ 
densed milk by weighing 11 grams into a 99-ml. water blank. 

TABLE 2 

Color changes of stored samples of condensed mdle. Senes I, Sugar and 
sktm milk preheated together 

Belation of preheating temperature, type of sugar used and storage temperature 
to the color of sweetened condensed skim milk (Samples placed 
in order of decreasing color each week). 

Number of weeks stored 


0 1 

1 1 

2 1 

3 

4 

I 6 

I 7 

10 

11 

Group 1. Color—^brown 

D-3-40* 

D-3-90 1 

D-3-90 

D—3—90 

D-3-90 

D-3-90 

D-3-90 

D-3-90 

D-3-90 


03-90 

C-3-90 

C-3-90 

03-90 

03-90 

C-3-9() 

03-90 

(^-3-90 


I)—3—66 

X)—3—66 

D-3-66 

B-1-90 

B-1-90 

B-1-90 

B-1-90 

B-1-90 


D-3-40 

D-3-40 

Cr-3-66 

D-2-90 

D-2-90 

D-2-90 

D-2-90 

D-2-90 


03-66 

C-3-6G 

D-3-40 

D-1-90 

D-1-90 

D-1-90 

D-1-90 

l)-l-90 




D-2-90 

D-3-66 

D-3-66 

I>->3-66 

(^-2-90 

r-2-90 




B-1-90 

D-3-40 

02-90 

C-2-90 

C-l-90 

c-1-90 




D-1-90 

(V3-66 

C-1-90 

C-1-90 

D-3-66 

l)-3-66 





0-2-90 

D-3-40 

D-3-40 

I)-3-40 

I)-3-40 


1 




C-3-66 

C-3-66 

C-3-66 ! 

(^-3-66 


Group 2. Color—flight brown 


C-3-40 

C-3-40 

C-3-40 

C-3-40 

C-3-40 


C-3-40 


C-3-40 


D-2-90 

D-2-90 

C‘-2-90 

D-2-66 

D-2-66 

D-2-66 

I)-2-66 

D-2-66 


B-1-90 

B-1-90 

D-2-66 

B-1-66 

B-1-66 

B-1-66 

B-1-66 

B-1-66 


D-1-90 

D-1-90 

B-1-66 

C-1-90 

C-1-90 

D—1—66 

D-1-66 

D-1-66 

11-1-66 


Group 3. Color—light tan 


02-90 

C-2-90 

D-2-40 

D-2-40 

02-66 

C-2-66 

C-2-66 

C^-2-66 

D-2-66 

D-2-66 

B-3-40 

B-1-40 

D-2-40 

D-2-40 

D-2-40 

D-2-40 

B-1-66 

B-1-66 

D-1-66 

D—1—66 

B-1-40 

B-1-40 

B-l-4(> 

B-1-40 

01-90 

C-1-90 

C-2-66 

D-2-66 

C/-1-66 

C-1-66 

C-1-66 

C-1-66 

02-66 

D-2-40 

01-66 

C-1-66 





D-2-40 


D-1-40 

D-1-40 






Group 4. Color—slight tan 


B-1-40 

B-1-40 

B-1-40 

02-40 

C-2-40 

A-3-90 

A—3—9(J 

A-3-90 

A-3-90 

D-1-40 

D-1-66 

D-1-66 

A-1-90 

A-3-90 

D-1-40 

D-1-40 

D-1-40 

D-1-40 

02-40 

A-3-90 

C—2—66 

A-3-90 

A-1-90 

02-40 

C-2-40 

C-2-40 

(*-2-40 


01-66 

01-66 

A—3—66 

A-3-66 

A-1-90 

A-1-90 

A-1-90 

A-1-90 


D-1-40 

D-1-40 

A-2-90 

A-2-90 

A-3-66 

A-3-66 

A-3-66 

A-3-66 


02-40 

A-3-90 

A-3-40 

01-40 

A-2-90 

A-2-90 

A-2-90 

A-2-90 



02-40 

A-1-66 

A—1—66 

(Vl-40 

CVl-40 

C-1-40 

C-1-40 






A-1-66 

A-1-66 

A-1-66 

A-1-66 


Group 5, Color—normal 


01-40 

A—3—66 

A-3-66 

1 A-2-66 1 

A-2-66 i 

A-3-40 

A-8-40 

A-3-40 

A-3-40 

A-3-40 

01-40 

01-40 


A-8-40 

A-2-66 

A-2-66 

A-2-66 

A-2-66 

A-2-40 

A-2-90 

A-2-90 

A-2-40 

A-2-40 

A-2-40 

A-2-40 

A-2-40 

A-2-40 

A-1-40 

A-3-40 

A-3-40 

A-1-40 

A-1-40 

A-1-40 

A-1-40 

A-1-40 

A-1-40 


A-1-90 

A-1-90 


• 






A-2-66 

A-2-66 








A-a-40 

A-2-40 








A-1-66 

A-1-66 








A-1-40 

A-1-40 








* See key on page 767 for history of samples (table 1). 
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A portable Leeds & Northrup quinhydrone poteutiometer was used for 
measuring the hydrogen-ion concentration of the samples of sweetened con¬ 
densed skim milk. 

EXPERIMENTAL RESULTS 

In view of the large amount of data accumulated during the course of 
this study the experimental results to a great extent are presented in a sum¬ 
marized form. 

Effect of Corn Sirup upon Color of Condensed Milk, As previously indi¬ 
cated, Ramsey ei a I, (1) found that when corn sugar was used to replace a 
part of the sucrose in sweetened condensed skim milk, brown discoloration 
took place more rapidly than when sucrose alone was used. Although the 
high-conversion type of corn sirup used in this study contained only about 
35 per cent as much dextrose as is contained in corn sugar, it is to be expected 
that its use would have much the same eifect upon color as does corn sugar. 

Ramsey et al, have shown that there are several factors which may influ¬ 
ence the degree of discoloration. The data secured in this study confirm the 
results of these investigators (tables 2 and 3). The darkest color occurred 
in the samples from batches preheated at the highest forewarming tempera- 

TABLE 3 

Effect of variation in tune and temperature of storage upon color of sweetened 

condensed sTaim milk 

(All samples contained 31.5% enzyme-converted corn sirup and 10.5% sucrose) 


Order of 
Color* 

Temperature and Time of Storage 

57® F. 
Weekst 

60° F. 
Weekst 

63® F. 
Weekst 

66“ F. 
Weekst 

1 

7.0 

3.5 

0.5 


2 

7.5 

4.0 


0.5 

3 

8.0 

4.5 

1.5 

1.0 

4 



2.0 

1.5 

5 

9.0 

5.5 

2.5 

2.0 

6 


6.0 

3.0 

2.5 

7 

10.0 

6.5 

3.5 


8 


7.0 

4.0 

3.5 

9 


7.5 

4.5 

4.0 

10 



5.0 

4.5 

11 



5.5 

4.5 

12 


9.0 

6.0 

5.5 

13 



6.5 

6.0 

14 


10.0 

7.0 

6.5 

15 



7.5 

7.0 

16 



8.0 

7.5 

17 




8.0 

18 


.. 

9.0 


19 




9.0 

20 


* 

10.0 


21 




10.0 


* Placed in order of increasing color beginning with the first sample showing dis¬ 
coloration at each temperature of storage. All samples on the same horizontal lino had 
the same degree of discoloration, 
t Weeks of storage. 
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ture. Samples containing high-conversion corn sirup developed more color 
during storage than did the all-sucrose samples. In all cases the changes in 
color were found to be greatest in the samples stored at 90® P. When the 
two factors (high preheating temperature and the use of high-conversion 
com simp) were combined, the condensed skim milk was dark enough in 
color, even when freshly made, to be detectable by eyesight. 

The effect of preheating upon color was greater when the temperature 
was raised from 185° to 200° F. than when raised from 170° to 185° F. In 
other words, the critical preheating temperature as far as color change is 
concerned lies in the zone between 185° and ^° F. In the same way the 
importance of the storage temperature became significantly greater as the 
temperature was raised from 66° to 90° P. 

Although increasing the amount of sucrose replacement with high-con- 
version com simp from 50 to 75 and 1(X) per cent resulted in greater ten¬ 
dencies towards discoloration, the differences were not marked. 

These data indicate that when high-conversion com simp is used in the 
manufacture of sweetened condensed skim milk, both the preheating tem¬ 
perature arid the temperature of storage must be properly controlled if the 
product is to be kept for several weeks before using. 

The importance of the temperature of preheating and the storage tem¬ 
perature was found to decrease considerably when the milk and sugar were 
preheated separately. For example, when the milk and sugar were pre¬ 
heated together, the sample containing 42 per cent high-conversion com 
simp (B-1-66) preheated at 170° P. and stored at 66° P. for 3 weeks had a 
noticeable creamy color. However, when the milk and sirup were preheated 
separately, the sample containing 42 per cent high-conversion com simp 
(B-lx-66) preheated at 170° P. and stored at 66° P. was only slightly dis¬ 
colored after 12 we^s of storage. It was also observed that when the milk 
and simp were heated separately, samples stored at 90° P. were the only 
samples considered off color after three months’ storage, while in the case of 
the batches in which the skim milk and sirup were preheated together, some 
of the samples stored at 66° P. for three months became sufficiently dis¬ 
colored to be considered off color. 

The results also show the influence of storage temperature when different 
tjpes of sugar were used. Samples containing a sucrose replacement of 50 
per cent dextrose, 50 per cent high-conversion com simp and 100 per cent 
high-conversion com simp were discolored sufficiently at the md of four 
weeks’ storage at 90° F. to be considered off color. Even the samples con¬ 
taining all sucrose became highly discolored during the third xnonth of 
storage. t 

The use of whole milk rathw tlian dim milk did not materially effect the 
development of disetfloratiem. 

. Table 3 shows the relatiimi of time and tmnpmrature of storage to the 



Fig 1 Ram])lo8 of sweetened condensed skim milk after storage at 40®, 66® and 
90® F foi 11 weeks Samples 1, 2. -1 (untamed suciose Samples 4 contained Sweetose. 
Samples 5, 6, 7 contained Sweitose (50% replacement). Samples 8, 9, 10 contained 
Sweetose (75% replacement) Samples 1, 4, 5, 8—forewarming temptrature—170® P. 
Samples 2, 6, 9—forewaiming teinperatnie—185® F Samples 8, 7, 10—forewarming 
tcmpeiature—200® F. In all cases milk and sugar were heated together. 









Pig. 2. Samples of sweetened condensed skim milk containing different amounts 
of Sweetose (50, 75 and 100% loplacemint) after storage for 3 months at 40®, 66® 
and 90® F. Samples Number 1—toieviairamg timpeiatuie—170® F Samples Num¬ 
ber 2—torcwaiming tcmpeiatuie—185® F. In all cases milk and Sweetose sirup were 
heated separately. 







Factors related to progressive iJitcltning of sweetened condensed mill. Senes 1. Sugar anel sknn milk heated together. Belation of 
preheating temperature, amount and tgpe of sugar used, and steirage temperature to the body of the 

sweitened condinsid skim milk* 
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* The higher the viscosity value the more plastic the mass, 
t See key to data on page 767 for history of samples (table 1). 
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degree of discoloration. Samples of sweetened condensed skim milk contain¬ 
ing 10.5 per cent sucrose and 31.5 per cent high-conversion corn sirup were 
placed in test tubes and incubated at 57°, 60°, 63°, and 66° F. The tem¬ 
peratures of the incubators did not vary more than ±. 0.5°. The data show 
that when a storage temperature of 57° F. was used, it was not until the 
seventh week that a perceptible change in color occurred. When the samples 
were stored at 60° F. a change in color was noted after 3.5 weeks, while at 
63° F. and 66° F, there was a change in color of the samples after i week. 
It should be noted that the samples stored at 57° F. for 9 weeks had the same 
degree of discoloration as those stored at 60° P. for 5.5 weeks, 63° F. for 
2.5 weeks, and 66° P. for 2 weeks. The discoloration of samples stored at 
66° F. for 10 weeks, however, was not sufficient to make the condensed milk 
unsalable. 

Progressive Thickening, The relation of the preheating temperature, 
the type of sugar used, and the storage temperature to progressive thicken¬ 
ing was determined. Preheating temperature had a noticeable effect, the 
highest temperature causing the greatest increase in viscosity. The all¬ 
sucrose samples exhibited less change in body during storage than did any 
of the samples containing high-conversion corn sirup (table 4). All the 
samples stored at 40° P. increased in viscosity very slowly, many remaining 
almost the same for the entire storage period of 11 weeks. However, when 
the samples were stored at 66° F. the viscosity increased rapidly, particu¬ 
larly in the case of the samples from batches preheated at 200° F. The 
samples stored at 90° P. thickened most rapidly. 

Data from series II show the relation of preheating and storage tempera¬ 
tures to the progressive thickening of sweetened condensed skim milk con¬ 
taining varying amounts of high-conversion corn sirup when the skim milk 
and sugar were preheated separately. Both factors—preheating tempera¬ 
ture and storage temperatujre-r-were found to have less effect on the body 
when the skim milk and sugar were preheated separately than when heated 
together. 

The relation of storage temperature to the progressive thickening of 
sweetened condensed skim milk samples containing three different types of 
sugars was also determined (Series III). In this series the sugar (or sirup) 
and milk were preheated separately at 170° P. The all-sucrose samples were 
found to be the least affected by progressive thickening. The dextrose sam¬ 
ples ranked next to the all-sucrose samples in this respect. The samples con¬ 
taining high-conversion corn sirup were more viscous than either the dex¬ 
trose or sucrose samples. It is possible tl^at the higher viscosity of the sam¬ 
ples containing high-conversion corn sirup was partly due to the dextrin 
present in the corn sirup. ^ . 

In the third series, the data also show that the sweetened condensed milk 
prepared from whole milk thickened less than did the skim milk product. 



TABLE 5 
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The greatest difference in the bodies of these two products occurred in those 
samples stored at 90° P. 

One interesting observation noted in the third series was the greater 
degree of progressive thickening of the samples containing 50 per cent of the 
sucrose replaced with high-conversion corn sirup as compared to either the 
75 per cent or 100 per cent high-conversion corn sirup replacement. This 
was true regardless of the preheating temperature. 

Flavor, There were some changes in flavor scores of all the samples dur¬ 
ing the storage period. In series I the least change occurred in the samples 
stored at 40° F., while the greatest changes in flavor were in those samples 
stored at 90° P. The higher the preheating temperatures the lower the 
initial scores and the fewer changes there were in the flavors during storage. 
The samples containing high-conversion corn sirup likewise showed less 
reduction in flavor scores than did the sucrose samples, although the initial 
scores of the all-sucrose samples were higher. The high-conversion corn 
sirup samples were scored down somew'hat because of a slight bitterness due 
in part, probably, to the lesser degree of sweetness. 

In series II the relation of preheating temi)erature and storage tempera¬ 
ture to the flavor of sweetened condensed skim milk containing 50, 75, and 
100 per cent high-conversion corn sirup replacements was found to be essen¬ 
tially the same as in series I. However, when the skim milk and sugar were 
heated separately as in the second series, there was less change in flavor 
scores during storage. These data indicate that the best flavor can be ob¬ 
tained by preheating the skim milk and sugar separately. 

Samples of sweetened condensed skim milk containing different types of 
sugars after being stored for three months ranked in flavor in descending 
order as follows: 1) 50 per cent of the sucrose replaced with dextrose, 2) 50 
per cent of the sucrose replaced wdth high-conversion corn sirup, 3) 42 per 
cent high-conversion corn sirup, and 4) 42 per cent sucrose. This ranking 
was the same regardless of the temperature of storage. In fairness to the 
all-sucrose sample it should be mentioned that this sample was somewhat 
abnormal due to a separation of lactose crystals. 

After four weeks of storage the flavor of the sweetened condensed milk 
made from skim milk was found to be much better than that of the product 
made from whole milk. The reason for the lower flavor score of the sweet¬ 
ened condensed whole milk product was the development of an oxidized 
flavor. 

pH of Sweetened Condensed Milk, When the sugar and skim milk were 
preheated together the samples containing .all-sucrose had a higher pH wdien 
the preheating temperature, storage ten^perature, and storage period were 
increased (table 5). The samples coiAaining all-sucrose had a higher pH 
than the samples in which a part or all of the sucrose had been replaced with 
high-conversion com sirup. This effect of the high-conversion corn sirup 
is to be expected since the sirup has a pH of 4.8 to 5.0. 

Samples containing high-conversion com sirup increased in pH when the 
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Storage temperature was increased, but increasing the preheating tempera¬ 
ture and storage period did not cause the pH to change to the same degree 
as in the case of the all-sucrose samples. 

When the sugar and skim milk were preheated separately, and when 50, 
75, and 100 per cent of the sucrose was replaced with high-conversion corn 
sirup, increasing the preheating temperature and increasing the storage 
temperature from 40*" F. to 66° P. resulted in an increased pH. On the 
other hand, the samples stored at 90° F. had a lower pH. Increasing the 
storage period also caused the pH of the samples to decrease. The decrease 
was not sufficient, however, to indicate bacterial spoilage of any consequence. 

Data from series III show that samples containing all-sucrose had a 
higher pH than those containing either high-conversion corn sirup or 
dextrose. 

Sweetened condensed milk samples made from whole milk had a higher 
pH than the samples made from skim milk. This is to be expected because 
of the higher serum solids content of the latter product. 

SUMMARY 

The use of enzyme-converted corn sirup to the extent of 50 to 100 per cent 
replacement of the sucrose in the manufacture of bulk sweetened condensed 
skimmed and whole milk has been found practicable. Best results from the 
standpoint of color and physical thickening w'ere obtained when the milk 
and sirup were heated separately and when the preheating temi^erature was 
limited to 185° F. There was less physical thickening and less brown dis¬ 
coloration when the samples were stored at low temperatures. For com¬ 
mercial operations the storage temperature need not be low^er than 60° F. 
unless the condensed milk is to be held for more than three months. At 90° 
F. the change in color and body takes place rapidly. Judging from the 
flavors and pH measurements, samples of condensed milks sw^eetened wdth 
high-conversion com sirup (50 to 100 per cent replacement) have normal 
keeping qualities. 

The procedure recommended for the use of high-conversion corn sirup 
is as follow^s: 

1. Replace 50 to 100 per cent of the sucrose with the corn sirup. 

2. Preheat milk to 185° F. 

3. If a minimum viscosity and color effect is desired, preheat milk and 
sirup separately, drawing sirup into the vacuum pan near the end of the run. 

4. Store the condensed milk at as low temperatures (60° F. or less) as 
convenient unless it is to be used within a few days after manufacture. 
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ORTHOPHOSPHORIC ACID AS A CHEESE SOLVENT 

A. W. TITBNER, B. BOGEBS, and V. CONQUEST 
Armour and Company^ Chemical Research Laboratory, Chicago, Illinois 

The possibility of using a weak solution of orthophosphoric acid as a 
solvent for cheese curd in determining extraneous matter in cheese was 
studied by us. Preliminary trials showed that a boiling 1.0 per cent 
aqueous solution of phosphoric acid was capable of dissolving Swiss, Ameri¬ 
can, Lirnbiirger, cottage, Romano and process cheese, including their rinds. 

Observations were made on the action of the 1.0 per cent phosphoric acid 
solution on some of the cellulose, chitin, and inorganic types of extraneous 
matter occasionally found in cheese. These types of extraneous matter lost 
approximately 5 per cent of their weight during 20 minutes of boiling in 
1.0 per cent phosphoric acid. Their structures were not visibly impaired. 

A large series of extraneous matter determinations on, green and aged 
cheeses shows that 50 grams of cheese dissolves readily in 500 ml. of 1.0 per 
cent phosphoric acid. It appears likely that 50 grams of cheese would be a 
satisfactory amount of cheese to use since this would be comparable to the 
amount of milk solids in the pint of milk used in the milk sediment test. 
However, if a larger sample needs to be examined for sediment it is only 
necessary to use a correspondingly larger amount of phosphoric acid 
solution to dissolve it. The following method was adopted for removing the 
extraneous matter from cheese for examination and scoring. 

apparatus 

1. One cheese trier 

2. One food grater with J" holes. 

3. A 1-liter beaker. 

4. One pressure milk sediment tester. 

5. Milk sediment pads. 

6. Irish poplin cloth pads of the same size as the milk sediment pads.' 

7. One 500-ml. graduate. 

8. One 5-ml. graduate. 

9. One glass stirring rod. 

10. One hot plate or gas burner and tripod. 

REAGENTS 

1. An aqueous solution containing 1.0 per cent by weight of ortho¬ 
phosphoric acid. This is made by adding 7 ml. of orthophosphoric 
acid to 1000 ml. of water. 

2. Acetone.' 

Received for publication April 14, 1942. 
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PREPARATION OF SAMPLE 

Take a sample of cheese by plugging the cheese to be examined two or 
three times with the cheese trier. Grate the cheese plugs on the cheese 
grater, being careful to exclude all outside contamination. 

DETERMINATION 

Weigh 50 grams of the grated cheese into a clean 1-liter beaker and 
add to it 500 ml. of 1,0 per cent phosphoric acid. Heat to boiling, stirring 
occasionally to prevent cheese from sticking to the bottom of the beaker. 
Boil until all the cheese is dissolved and filter immediately through the 
pressure milk sediment tester with the poplin cloth pad on top of the milk 
sediment pad. Wash the beaker and tester with distilled water, forcing the 
wash water through the filter pads. Remove the pads carefully and ex¬ 
amine the extraneous matter on the surface of the poplin cloth pad. The 
moisture remaining in the sediment pad can be removed by rinsing the pad 
with 5 ml. of acetone before it is taken from the sediment tester. 



GRAZING HABITS OF DAIRY CATTLE 


F. W. ATKKSON, A. O. SHAW, and H. W. CAVE* 

Department of Dairy Huahan/lryy Kansas State Collegcy Manhattan 

Maxinium returns from any j>asture depend upon cropping practices 
conducive to growth response of jdants, and upon cattle management to 
avoid waste. The inter-relationship of these two primary factors and the 
need for proper balance between the two in x)asture management are appar¬ 
ent. Combination of rotational grazing wdth clipping, fertilizing, etc., are 
typical attempts to consider both major factors. Many conditions influence 
the system of cattle management adopted, such as short time pasturage daily 
to make limited pasture go further, night pastures, etc. Grazing habits of 
COW’S are of interest from the standpoint of the wellbeing of both the cattle 
and the pasture. 

GRAZING HABITS OF MILKING COWS DURING DAYTIME 

Comparative time spent in grazing by milking cows on six different pas¬ 
tures w^as recorded. Tw^o cow’s w’ere used on each pasture. The pastures 
averaged about four acres. Observations w^ere taken for three consecutive 
days on ea(*h pasture, but not concurrently. The observations covered a 
12-hour daylight jieriod for the first two days and 11 hours the third day, 
or an average of 11 hours and 40 minutes per day. Records were kept on 
the time spent in grazing, number of times each cow .lay dow’ii, and the 
number of times each cow’ drank. 

Hummarization of results (table 1) showed the cow’S spent slightly less 
than half the time in grazing while on good pasture. Four different pairs 
of cows on four different good pastures averaged practically the same time 
spent in grazing, the variation being from 46 per cent of the day to 50 per 
cent, or a maximum difference between the groups of only 20 minutes in 
approximately five and one-half hours. One pair of cow^s was pastured on 
a field of mixed brome grass and alfalfa which was not uniform in stand. 
It was rated as fair pasture because it appeared to have less feed on it than 
the better pastures. Another field rated as poor pasture consisted of short 
w^heat. On the fair pasture the cows spent 56 per cent of the time grazing 
and on the poor pasture 62 per cent of the time. Compared with an average 
of 5.6 hours of grazing on the four good pastures, the grazing time on fair 
pasture was 6.5 hours and 7.3 hours on poor pasture. Thus the cows spent 
31 per cent more time grazing on the .poor pasture than the average on the 
good pastures. Whether this difference would have been even more pro- 

Beceived for publication April 6, 1942. 
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nounced had the cows been on the pastures constantly with no supplementary 
feed is not known. 

While on pasture the cows drank an averap^e of from three to four times 
during the day with no apparent relationship to (piality of pasture. This 
would indicate the importance of having water readily available in the pas¬ 
tures for milking cows. The cows lay down an average of four times daily 
on good pastures and only two times daily on fair and poor pastures. This 
indicates that the cows had more difficulty getting their fill of grass, but 
whether there is any relationship with the time spent in ruminating in pro¬ 
portion to the amount of feed ingested, or in utilization of feed is unknown. 

GRAZING HABITS OF DRY COWS AND HEIFERS CONTINUOUSLY ON PASTURE 

A more complete study of grazing habits of dairy cattle was made with 
a group of 56 dry cows and yearling heifers being pastured on a 30 acre 
field of Balbo rye (3). The pasture was excellent, the herbage being 6 to 
10 inches high. The animals remained on the pasture constantly and re¬ 
ceived no supplementary feed. The animals were kept under constant watch 
and the numbers grazing, not grazing, and lying down were recorded at five 
minute intervals for three consecutive 24-hour periods. A heavy rain for 
several hours interrupted observations on one day. A period (April 10-14, 
1940) was selected when the moon was about half full in order that night 
counts could be made without distracting the cow^s with a light. 

TABLE 2 


Grazing habits of dry cows and heifers continuously on pasture 



Grazing 

Standing 

Lying down 

lira. 

Per rent 

Hrs. 

Per cent 

Hrs. 

Per cent 

Twelve-hour day and night 

Daytime 

4.3 

36 

2.8 

23 

4.9 

41 

Nighttime 

2.7 

23 

3.2 

30 

8.1 

67 

24-hr. ave. total 

7.0 

29 

4.0 1 

i 

37 

13.0 

54 

Fourteen-hour day and ten-hour night 

Daytime . . 

5.b 

40 

3.5 

25 

4.9 

35 

Nighttime . 

1.6 

16 

0.4 

4 

8.0 

80 


Summarization of the results (table 2) sliowed that the animals grazed 
an average of 7.0 hours, or 29 per cent of a 24-hour period. The animals 
spent an average of 4.0 hours, or 17 per cent of the time in walking or stand¬ 
ing without grazing, and 13.0 hours, or 54 per cent of the 24-hour periods 
in lying down. When the 24-hour period was divided into two 12-hour 
periods, 6:00 a.m. to 6:00 p.m. for dajdime and the similar hours for night. 
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the time the animals spent in grazing averaged 4.3 hours, or 36 per cent of 
the day period; and 2.7 hours, or 23 per cent of the night period. Since the 
sun rose at 6:00 a.m. and set at 7:00 p.m. during the trials, a 14-hour day¬ 
light period of from 6:00 a.m. to 8:00 p.m. inclusive would be a more typical 
daylight feeding period and 8:00 p.m. to 6:00 a.m. would more nearly repre¬ 
sent night conditions. Comparisons of the grazing habits of the animals on 
an average 14-hour day and 10-hour night showed that they grazed 40 per 
cent of the time in daytime and 16 per cent of the time at night. They spent 
25 per cent of the daytime and only 4 per cent of the night w^alking or stand¬ 
ing. The animals were lying down 35 per cent of the daytime and 80 per 
cent of the night. 

The average of 7 hours in 24 spent in grazing is in reasonable agreement 
with the report of 8 hours found by Johnstone-Wallace (2), with milking 
cows on different types of pastures. His report that cows spend as much 
time grazing at night as in the daytime is not supported by the results of 
this investigation. The time spent in grazing during the day time of this 
trial (29 per cent) is less than reported for milking cows (46-62 per cent) 
in table 1, but the differences in pasture, the effect of pasturing during day¬ 
time only, and the differences between milking cows and dry cows may ac¬ 
count for longer grazing periods in the former trial. The fact that these 56 
animals averaged 54 per cent of the 24-hour periods lying down is in agree¬ 
ment with the reports of Puller (1) who found that cows fed in stanchions 
during winter averaged 50 per cent of the time lying down. He also re¬ 
ported that the cows spent an average of 5.95 hours eating, or 25 per cent of 
the 24-hour period; and 8.1 hours ruminating, or 34 per cent of the time. 
Woodward (4) reported that cows on good pastures consumed a maximum 
of 150 ijounds of grass daily. From these facts it would seem cows on poor 
pastures not only must spend more energy in obtaining sufficient food but 
that the normal time spent in ruminating may be involved. 

Detailed study (fig. 1) nf the grazing habits of the cows showed that the 
animals tended to have about four primary grazing periods during the day¬ 
time, The first period began about 5; 30 a.m. and lasted approximately two 
and one-half hours. Another feeding period began about 10:00 a.m., or 
slightly before, and lasted from an hour to an hour and a half. The third 
feeding period began between 12:30 and 1:00 o’clock and continued for 
about two hours. The fourth daylight grazing period began about 6: 00 
P.M, and continued until about 8; 30 p.m. 

The night period was considered betiveen 8:30 p.m. and 5:00 a,m. Dur¬ 
ing the night the cows had two primary feeding periods, one from about 
9: 30 P.M. to 11:00 P.M. and another from about 1:00 a.m. to 8:30 a.m. 
Thus, it appeared that the animals as a group tended to fill about six times 
in 24 hours, four times during daylight and twice during the night. In the 
daytime the entire herd tended to graze as a complete unit or lie down as a 
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group, but at night tlie lower peaks in grazing numbers with periods less 
sharply defined indicated more individual action by the animnla 

These observations are of interest in pasture management because the 
cows tend to graze less in night pastures than in daytime pastures. It is 
also interesting to note that the herd does not fill before the time when the 
average herd is brought into the bam for the morning milking. This would 


i 

a 

} 


Fig. 1, Observations on 5(5 dry eows and heifers continuously on pasture, with the 
number grazing, standing and lying down indicated throughout 24-hour periods. 



indicate that in summer management of cows earlier milking might be de¬ 
sirable if the cows are to get a complete fill after milking before the flies and 
heat interfere with grazing habits. These data were obtained in April when 
the climate was ideal for cow comfort. What effect heat and flies during 
mid-summer days would have on grazing habits is not known. 


ST^MMARY AND CONCLUSIONS 

Comparative time spent in grazing by milking cows on six different pas¬ 
tures during the daytime was recorded. On good pasture the cows spent 
slightly less than half the time in grazing. On fair pasture the cows spent 
55 per cent of the time grazing and on poor pasture 62 per cent of the time. 
Compared with an average of 5.6 hours of grazing on good pastures, the 
grazing time on fair pasture was 6.5 hours and 7.3 hours on poor pasture. 
Thus, the cows spent 31 per cent more time in grazing on poor pasture than 
on good pasture. The cows drank an average of from three to four times 
during the day with no apparent relationship to quality of pasture. The 
cows lay down an average of four times daily on good pasture and only two 
times daily on fair and poor pasture. 
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A more detailed study of 56 dairy cattle on Balbo rye pasture constantly 
with no supplementary feed showed that the animals spent an average of 7 
hours grazing, 4 hours standing or walking, and 13 hours lying down during 
a 24-hour period. Comparison of a daylight period of 14 hours with a night 
period of 10 hours showed that the animals grazed an average of 40 per cent 
of the time during the day and 16 per cent during the night. They spent 
25 per cent of the time walking or standing during the day, and 4 per cent 
during the night. The animals were lying down 35 per cent of the daytime 
and 80 per cent of the night. 

The grazing habits of the animals from day to day were quite uniform. 
They had four primary grazing periods during the day and two during the 
night, but the night grazing periods were not so pronounced as a group as 
were those in the daytime. 
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FACTORS MoMSpTING THERATE OP FERMENTATION OP RUMEN 
INGESTA AND THEIR POSSIBLE RELATION TO 
BLOAT IN DAIRY CATTLE* 
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lava AgrimHural Erperimest Slation, Ames, Iowa 

Fermentation of the rumen contents is essential for the normal dijrestion 
of fiber-containiiif? feeds. Enormous chancres regularly occur in the environ¬ 
ment of the bacteria responsible for this fermentation. The ingestion of 
water in varying amounts and temi)erature» and the consumption of feed 
varying from zero to thirty per cent in fiber as well as in sugar content are 
factors to be dealt with at a moment’s notice. Apparent lack of palatability 
of a feed might simply be an outward indication of depressed fermentation 
in the rumen as a result of adverse environmental conditions. 

Although no extensive study has been made of the organisms responsible 
for the fermentation in the rumen, many gas producing organisms, such as 
Bact. coli, have been isolated from the rumen contents (5,15). The optimum 
pH for growth of Bact, coU and many similar organisms is around pH 7.0 
or a little above (10, p. 223). Studies have shown that the acidity of the 
rumen contents varies from pH 5.5 to 7.7 (4, 6, 9,12). The hourly fluctua¬ 
tions depend largely on: the chemical composition of the feed, the amount 
of organic acids produced by the bacteria, and the neutralizing effect of the 
saliva (saliva has a pH of about 8.1) being secreted. Fresh green feeds ap¬ 
parently increase the rate of fermentation and decrease the amount of saliva 
re(juired for mastication with the result that the pH of the rumen contents 
drops (6). Dry feeds, especially roughages, result in a higher pH of the 
rumen contents (15). 

Since the optimum temperature for growth by many types of bacteria 
is between 37® and 45® C. (10, p. 222) it is quite probable that the changes 
in temperature occurring in the rumen do not seriously modify fermentation. 
One would expect the ingestion of large quantities of cold water only tem¬ 
porarily to influence the temperature of the rumen. 

Dilution of the rumen contents with water affects the osmotic force of the 
milieu as well as the concentration of the soluble nutrients upon which the 
bacteria subsist. Dilution of the food supply probably affects bacteria less 
than dilution of their own metabolic products (10, p. 222). Growing bac¬ 
teria not only are rapidly consuming oxidizable materials like glucose but 
they are also eliminating metabolic'products which may seriously interfere 
with their own growth. Some of these decomposition products resulting 
Beceived for publication April 9,1942. 
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from bacterial fermentation are: acetic, lactic and butyric acids, alcohol, 
ammonia, indol, skatol, hydrogen sulfide and mercaptans. 

Analyses have shown that carbon dioxide and methane are the principal 
gases resulting from fermentation in the rumen (1, 3, 7, 11, 13) although 
hydrogen, hydrogen sulfide, carbon monoxide and other gases liave been 
identified. Nitrogen and oxygen are also present as a contamination from 
the outside air. Washburn and Brody (13) found that the per cent of CO 2 
increased rapidly after feeding. On a grass diet the peak was reached much 
more quickly than when alfalfa hay or alfalfa hay and grain were fed. The 
relative amount of CO 2 in the rumen gas varied from 80 per cent shortly 
after grass was fed to 10 per cent, twenty-three hours later. The per cent 
of CH 4 for the same periods were 20 and 9 respectively. Contamination 
with air apparently caused these marked decreases as the percentage of nitro¬ 
gen and oxygen present rose from zero in both cases to 68 and 13 per cent 
respectively. (Analyses were for CO 2 , CH 4 , O 2 , H 2 , and N 2 only.) By mea¬ 
suring the amount of methane in the expired air and calculating from the 
above ratios the per cent of CO 2 due to fermentation, it was found that a dry 
cow shortly after being fed 4.5 kilos of grass (dry matter basis) produced 
carbon dioxide and methane at the rate of 32 and 10 liters, respectively, per 
hour. Five hours later the rates had dropped to 13 and 6 liters per hour 
and 22 hours later the rates were 1.5 and 1.2 liters per hour. It is interest¬ 
ing to find that on dry hay or on hay and grain the rate of methane produc¬ 
tion was almost the same as the figures just cited although the dry matter 
intake was only half as large. However, the rate of prcxlnction of carbon 
dioxide was about two-thirds as large under these conditions. Data on 
lactating cows show a maximum rate of production of methane of 16 liters 
per hour shortly after feeding (for the same sized animal—about 900 lbs.). 
The feed intake was not given. 

Although the amount of oxygen present in the gas in the rumen is rela¬ 
tively small (zero to three per cent) the majority of bacteria (like Bad. coli) 
are facultative or obligatory anaerobes and do not require free oxygen. The 
solubility of oxygen in water is so low that, were it not for the constant 
agitation of the rumen contents and the fact that much of the contents are out 
of water a large part of the time, it would appear improbable that strictly 
aerobic bacteria would even survive and grow in the rumen. 

A wide variety of products serve as a source of feed for the bacteria in 
the rumen because bacteria secrete innumerable kinds of enzymes ( 2 ). Glu¬ 
cose and ammonium chloride are about the simplest sources of carbon and 
nitrogen for bacteria. Since the cow is ration doubtless always contains 
thousands of different compounds, either real or potential, it is not surpris¬ 
ing if the usual changes in diet which \ake place on the farm only moderately 
influence bacterial fermentation in the paunch. 

Chief among the substances normally providing energy for anaerobic 
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life are carbohydrates. Sugars, especially glucose, greatly increase growth 
under anaerobic conditions (10, p. 52, 199). It should also be noted that 
anaerobic fermentation is exotliermic and doubtless helps provide the heat 
for warming the water or other cold feed ingested by the cow. 

When considerable fermentation does occur, as indicated by excessive 
gas production, we speak of it as bloat or tympanites. This rarely occurs 
except when the cow is turned onto legume pasture (7, 8, 14). Although 
many analyses have been run on the principal constituents of legumes and 
non-legumes, no essential jiroduct for bacterial metabolism has ever been 
isolated from legumes which is in)t present in non-legumes. Hence there is 
no ready clue for determining why coavs frequently bloat on legume pasture 
and not on non-legume pasture. 

The experiments reported in this study were carried out in vitro on 
rumen ingesta obtained from a three-year-old Jersey cow with a rumen 
fistula. At first the cow received a ration containing a grain mixture, alfalfa 
hay and corn silage. The silage was later omitted. In the spring, blue- 
grass pasture was substituted for the alfalfa hay. 

In every (*ase the rumen ingesta were removed just iirevious to their use. 
Since the experimental procedure required 1200 grams of ingesta, a some- 
w’hat larger quantity was removed and thoroughly mixed before being placed 
in the fermentation apparatus. Because conditions in the rumen are con¬ 
stantly changing, control samples were included wuth each trial. In the 
tables which are presented, ‘‘Experimental Sample No. 1’’ should be com¬ 
pared with “Check Sample No. 1,” c< cetera. 

The apparatus for gas-volume studj^ consisted of six units. The ingesta 
for each unit were placed in a 500-ec. Erlenmeyer flask, which was in turn 
connected with a gas-collecting tube. Two hundred grams of ingesta were 
placed in each flask unless otherwise noted. The gas-collecting apparatus 
consisted of 6 pyrex tubes 48 mm. in diameter and one meter in length. 
These tubes were filled with a solution containing 285 gm. of NaCl and 5 cc. 
of lactic acid per liter of water. Previous to each experiment, carbon diox¬ 
ide was bubbled through the solution to insure saturation. 

The >vater bath in which the samples of ingesta were fermented was held 
at 38.5° C. except for studies of the influence of temperature on fermenta¬ 
tion. Gas volume readings were taken at intervals of 1, 2, 3, 4, 5 and 20 
hours after each trial was started. By using a leveling bulb direct readings 
could be made from the gas-collecting tubes. No corrections were made for 
changes in temperature because check and experimental tubes were exposed 
to identical conditions. However, an effort was always made to keep the 
room temperature constant. 

The hydrogen-ion concentrations of the materials under study were deter¬ 
mined electrometrically, using a quinhydrone electrode. The readings were 
usually taken both before and after fermentation so that changes due to 
treatment could be noted. 
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RESULTS 


The data in table 1 (see also fig. 1) serve to illustrate the general trend 
in rate of gas formation when rumen ingesta are fermented in vitro. The 
results obtained with the two rations show the reduction in rate-of fermeiita- 



ration with silage and a standard ration without silage. 
1, 2, 3, 4, 5 and 20 hrs. after start of fermentation.) 


(Based on readings taken ut 


tion due to the inclusion of silage in the ration. The cause of this slower 
rate of fermentation is not definitely known although acetic or lactic acid has 
the same effect when added to silage-free ingesta. Preliminary trials indi¬ 
cated that small amounts of lactic acid actually stimulated fermentation. 
But with acetic acid, fermentation was only about one-tenth of normal when 
as little as two per cent of acetic acid was mixed with the rumen contents. 


TABLE 1 

Total ga% produced hy 200-gram sampler of ingesta when the cow was fed two 

typical farm rations 



Ihr. 

2 hrs. 

3 hrs. 1 


1 5 hrs. 

20 hrs. 


cc. 

cc. 

cc. 

cc. 

cc. 

cc. 


Typical ration, with silage 




Average of 24 samples { 

1 43.7 1 


126.8 I 



1 361.4 

Typical ration, without silage 

Average of 30 samples { 

1 87.2 1 

1 162.2 1 

219.6 I 

1 262.7 1 

297.9 

609.2 


Since in vitro trials always shoVed a steady drop in rate of fermentation, 
it seemed wise to determine how much of this drop was due to a decrease in 
available nutrients and how much was due to the accumulation of toxic 
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metabolic products. The effect of inanition is shown in table 2. When feed 
was withheld from the cow for 24 hours, three-fourths of the normal amount 
of ingesta in the rumen had disappeared. The remaining iiigesta was con¬ 
siderably more alkaline than that of rumen contents where fasting did not 
occur. The cow from which the ingesta were obtained had access to water 
at all times. The water ingested and saliva secreted should have removed 
the major portion of the metabolic products produced by the organisms liv¬ 
ing in the first two stomachs. Just what percentage of the viable organisms 
was carried on into the true stomach is not known. 


TABLE 2 

Effect of withholding feed on rate of fermentation of rumen ingesta as measured by total 
gas production* and hydrogen-ion concentration 


Trial 


Gas production 


Il-ion concen¬ 
tration 


uuuiuvr 

' 1 hr.' 

1 

2 hrs. 

3 hra. 

4 hrs. 

5 hra. 

20 hra. 

0 hra. 

20 hrs. 


cc. 

cc. 

cc, cc. cc. 

Check trials 

cc. 

pH 

pR 

1 

70.3 


177.5 

216.0 

252.3 

542.5 

6.20 

5.25 

2 

67.0 

131.0 

185.5 

227.5 

263.2 

566.3 

6.59 

5.51 

3 

72.3 

134.3 

186.8 

221.8 

252.8 

525.7 

\ 

X 

Ave. 

69.9 

131.1 

183.3 

221.8 

256.1 

544.8 




Feed withheld for 24 hours 


1 

t 

t 


25.0 

30.0 

173.2 

7.86 

7.25 

2 

t 

t 

14.0 

22.5 

28.3 

114.5 


6.92 

3 

t 

18.2 

38.3 

60.5 

70.7 

344.5 

X 

X 

Ave. 

t 

18.2 

24.1 

36.0 

43.0 

210.7 


. 


* Each Hgure is an average of six samples, 
t Gas volumes so small that readings were highly inaccurate. 
t No pH readings taken. 


These results were compared with dilution of the rumen contents in vitro 
(table 3). Where the amount of ingesta used remained constant little 
effect was noted on total gas production by adding moderate amounts of 
distilled or tap water. Although it might be suspected that the additional 
water would tend to submerge the ingesta in the flasks, actually this did not 
occur. As soon as gas began to form, the ingesta would quickly rise to the 
top of the liquid or be “blown” into a less dense mass which extended well 
above the water line. No attempt was made to agitate the flasks of ingesta 
regularly although occasionally all flasks were shaken to prevent the mate¬ 
rial from overflowing the flasks. Preliminary trials indicated that covering 
the ingesta in the flasks with COs or bubbling air through it only slightly 
modified fermentation. In all cases fermentation was somewhat increased 
in the presence of air. 
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TABLE 3 


Effect of dilution with distilled water on rate of fermentation of rumen ingest a as 
measured by total gas production* 


Trial 

number 

Water 
added per 
*200 grams 
of ingesta 

Gas production 

Ihr. 

2 hrs. 

3 hrs. 

4 hrs. 

5 hrs. 

20 hrs. 



cc. 

cc. 

CO. 

cr. 

cc. 

cc. 




Check samples 




1 


54.3 

323.3 

172.7 

223.7 

258.0 

564.7 

2 


36.3 

80.0 

126.0 

359.0 

190.3 

504.0 

3 


69.7 

124.0 

160.3 

199.7 

237.7 

528.7 

4 


70.7 

145.7 

197.0 

238.7 

268.7 

598.0 

5 


67.7 

336.3 

196.0 

242.0 

276.0 

597.0 

Ave. 


59.7 

321.9 

170.4 

212.6 

246.1 

558.5 


Diluted samples 


1 

50 


312.3 

160.7 

208.7 

244.3 

530.3 

2 

50 


69.5 

114.5 

147.5 

178.0 

499.0 

3 

50 


317.3 


195.3 

230.7 

532.:i 

4 



94.3 

141.0 

176.3 

203.0 

514.7 

5 

mSM 


118.0 


218.0 

252.0 

594.0 


* Each dpfure is an average of triplicate samples. 


When the cow drinks larjre amounts of water the rumen contents are not 
only diluted but, in winter at least, the bacteria may be temporarily cooled 
below the optimum temperature for grrowth. Probably a mon* important 
factor would be changes in temiierature of the ingest a due to prolonged 

TABLE 4 

Effect of temperature on rate of fermentation of rumen ingrsla as measured by total gas 
production* and hydrogen ion eonct niraiion 


Trial 

number 

Gas production 

H ion concen 
tration 

Ihr. 

2 hrs. 

3 hrs. 

4 hrs. 

5 hrs. 

20 hrs. 

0 hrs. 

20 hrs. 


cc. 

1 1 

cc. 

S 

1 1 

cc. 

aniples hel 

cc. 

Id at 38.5« 

1 

cc. 

C. (check 

oe. 

) 

1 1 

pll 

pll 


1 

2 

3 


ni.o 

108.7 

70.0 


191.0 

177.0 

127.3 


248.3 
229.7 

174.3 


294.3 
272.7 

209.3 


333.7 

310.7 

235.7 


619.0 

595.3 

483.3 


5.89 

5.94 

5.76 


Ave. 


96.6 


365.1 


217.4 


258.8 


293.4 


565.9 


5.37 

5.44 

5.45 


Samples hold at 42.5^ C. 


1 

133.0 

235.0 

276.0 

321.0 

357.0 

612.7 

5.89 

5.35 

2 

140.3 

222.3 

291.7 


385.7 

668.7 

5.94 

5.45 

3 

84.0 

148.0 

196.0 


258.3 

472.0 

6.76 

5,47 

Ave. 

119.1 

195.1 

264.6 

• 298.7 

333.7 

584.5 


- 


* Each figure is an average of triplicate samples. 
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TABLE 5 

Effect of temperature on rate of fermentation of rumen ingesta as measured hy total ga^ 
production* and hydrogen-ion concentration 


Trial 

number 

Gas production 

H-ion concen¬ 
tration 

1 hr. 

2 hrs. 

3 hrs. 

4 hrs. 

5 hrs. 

20 hrs. 

0 hrs. 

20 hrs. 




cc. 

cc. 

cc. 


pll 

pJl 




Sjimplcs held at 38.5” C. 




1 

81.3 

139.0 

179.3 

217.7 

249.0 

506.7 

5.90 

5.30 

2 

85.0 

154.3 

208.3 

250.0 

285.7 

580.0 

5.83 

5.30 

3 

76.7 

141.3 

189.7 

226.3 

255.3 

527.3 

5.89 

5.48 

Ave. 


144.9 

192.4 

231.3 

263.3 

538.0 




Saiii]»les held at 40.5° C. 


1 i 

89.3 

■a 

188.7 


254.0 

473.7 

5.90 

5.48 

2 

104.0 


230.0 

271.7 

305.7 

583.7 

5.83 

5.28 

3 

89.3 

■ffll 

202.3 

235.3 


508.3 

5.89 

5.29 

Ave. 

94.2 



244.0 


521.9 




* Each figure is an average of triplicate samples. 

differences in external environmental temperature or to differences in heat 
production as the result of altered fermentation. By using two constant 
temperature baths it was possible to study these changes on aliquot samples 
of ingesta (tables 4, 5 and 6). Changes of two to four degrees in tempera¬ 
ture only slightly altered the rate of gas production. Greater changes than 

TABLE 6 

Effect of temperature on rate of fermentation of rumen ingesta as measured by total gas 
production* and hydrogen-ion concentration 


Trial 

number 

Gas production 

H-ion concen- 
trntion 

1 hr. 

2 hrs. 

3 hrs. 

4 hrs. 

1 5 hrs. 

20 hrs. 

0 hrs. 

20 hrs. 

cc. cc. cc. pH pH 

Samples held at 38.5° C. 

1 

2 

3 

Ave. 

60.3 

72.3 

64.7 

65.8 

i 

i 

176.7 

205.0 

209.3 

197.0 

201.7 

236.7 
243.3 

227.2 

449.7 . 

466.7 
499.0 

471.8 

5.87 

5.98 

5.92 

5.51 

5.58 

5.57 

Samples held at 36.5° 0. 

1 

2 

3 

Ave. 

45.7 

60.7 

52.8 

52.9 

89.0 

113.0 

100.3 

100.8 

IBI 

i 

176.7 

209.3 

205.0 

197.0 

422.3 

438.3 

445.3 

435.3 

5.87 

5.98 

5.92 

5.50 

5.59 

5.61 


► Each figure is an average of triplicate samples. 
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this, such as are caused by the drinking of large amounts of cold water, are 
so temporary that they have not been considered in this study* 

As already mentioned, the hydrogen-ion concentration of the rumen 
contents varies within comparatively wide limits. With the exception of the 
fasting condition, the pH of the rumen contents studied varied between 5.75 
and 6.99 (tables 2, 4, 5, 6, 7, 8, 9 and 11). At the end of 20 hours’ fermenta¬ 
tion in vitro the pH had dropped to 5.5-5.26. Under certain experimental 
conditions (table 11) the pH rose to 8.42 after 20 hours of fermentation 
in vitro. 

Most of the readings taken while the cow was receiving a ration of alfalfa 
hay and grain were around pH 6.3 whereas with those taken while the cow 
was receiving bluegrass pasture and grain, only one reading was higher than 
pH 6.0. These observations would indicate a definitely more acid condition 
of the rumen ingesta when the cow was on pasture. Furthermore, this de¬ 
cline in pH was accompanied by a 16 per cent reduction in gas production 
during 20 hours’ fermentation of the ingesta in vitro. 

TABLE 7 

Effect of 10 per cent sodium hydroxide on rate of fermentation of rumen ingesta as 
measured by total gas production* and hydrogen-ion concentration 


Trial 

number 

10% 
sodium 
hydroxide 
per 200 
grams of 
ingesta 

Gas production 

H'ion concen¬ 
tration 

1 hr. 

2 hrs. 

3 hrs. 

4 hrs. 

5 hrs. 

20 hrs. 

0 hrs. 

20 hrs. 


cc. cc. cc. cc. cc. cc. cc. pH pH 


Samples without sodium hydroxide 


1 


89.0 

157.5 

208.0 


280.5 

526.5 

5.80 

5.38 

2 


76,0 

141.0 

186.5 

225.0 

256.0 

527.0 

6.03 

5.60 

3 


70.0 : 

132.5 

176.0 


245.5 

516.0 

5.86 

5.47 

Ave. 

mu 

78.3 1 

143.7 

190.2 

227.0 

260.7 

523.2 

. 



Samples with sodium hydroxide added 



1 

89.5 

161.0 

219.5 

258.0 

299.0 

579.5 


5.50 


3 

85.5 

150.0 

200.0 

237.5 

277.0 

642.5 


5.58 


3 

76.0 

139.5 

188.0 

228.5 

266.0 

647.5 


5.76 


10 

62.0 

95.5 

123.5 1 

148.0 

171.5 

477.5 

Biff SB 

6.85 


20 

22.0 

31.5 

45.5 

50.5 

66.0 

129.5 

5.86 

6.80 


* Eaeh figure is an average for duplicate samples. 

t Two experimental series containing different amounts of sodium hydroxide were 
run concurrently with each check series. 

t Before addition of sodium hydroxide, 

A uamber of attempts were made^to influence the hydrogen-iou concen¬ 
tration in vitro. As already mentioned acetic and lactic acid materially 
decreased gas production. No pH determinations were made in these trials. 
The adding of agricultarid limestone to the samples of ingesta had very little 































FERMENTATION OP RUMEN INGESTA 


793 


effect on the pH although it did accelerate fermentation (table 8). Small 
amounts of sodium hydroxide, if anythinf?, slightly increased fermentation 
(table 7). On the other hand, ten and twenty cubic <»entimeters of 10 per 
cent sodium hydroxide raised the pH of the ingesta and definitely inhibited 
fermentation. Adding as much as 20 cubic centimeters of tenth normal 
hydrochloric acid to the flasks of ingesta had almost no effect on the rate of 
gas production (table 9). The pH of the experimental and the cheek 
samples were quite, similar after twenty hours’ fermentation. 

TABLE 8 


Effect of agricultural limestonv on rate of fermentation of rumen ingenta as measured hy 
total gas production* and hydrogen-ion concentration 


Trial 

number 

Lime¬ 
stone 
per 200 
grams of 
ingesta 

((US production 

IT ion eoiiceii- 
t ration 

1 lir. 

2lirs. 

3 hrs. 

4 hrs. 

5 hrs. 

20 hrs. 

Ohrs. 

20 hrs. 


gms. 

ce. 

C€. 

VC, 

cc. 

cc. 

cc. 

pH 

pE 




Hamplos without limestone 




1 


82.0 1 

166.7 

224.0 

269.3 

310.7 1 

1 694.0 



2 


85.7 

162.7 

213.7 

259.0 

297.3 

538.7 



3 


83.7 i 

163.7 

230.7 

273.0 

313.3 

722.3 

6.48 

5.28 

4 


67.7 

134.7 

192.7 

239.3 

276.0 1 

623.0 

5.89t 

5.37 + 

5 


65.0 

136.7 

192.0 

230.0 

264.0 

597.3 

5.89t 

5.48 + 

Ave. 


76.8 

152.9 

210.6 

254.1 

292.3 

635.1 

1 





Hamples with limestone added 




1 

0.5 

80.0 

167.3 

225.3 

278.0 

319.7 

744.7 



o 1 

1.0 

96.0 

180.7 1 

239.3 

289.7 

332.7 

745.0 



3 

1.0 

107.7 

199.3 

274.3 

323.3 

374.7 

852.3 

j 6.48t 

5.45 

4 

5.0 

80.0 

159.3 

230.0 

290.7 

337.7 

866.0 

5.89+ 

5.46 + 

5 

10.0 

76.7 

163.3 

231.0 

277.7 

327.0 

778.0 

5.89 + 

5.46 + 


* Each figure is an average for triplicate saiiij)lcs. 

t These readings were not obtained on the same samples that were used for the deter¬ 
mination of gas production. However, the treatment was the same. 

t Before the addition of agricultural limestone. 

In that most simple forms of life depend upon rather fixed osmotic 
pressures of the milieu in which they live, it seemed reasonable to suspect 
that changes in the sodium chloride concentration might be important in this 
study. Besides, a frequently heard suggestion on how to prevent bloat is to 
add salt to the drinking water. However, results obtained in our experi¬ 
ments would tend to discourage this practice (table 10). Amounts of salt 
which the cow might tolerate in the drinking water, as determined by 
tasting, had no inhibitory effect on gas production by the rumen flora. In 
fact, the tendency was toward an acceleration in gas production. Other 
home remedies, such as eqnal parts of soda, salt and limestone, had no in¬ 
hibitory effect on these organisms as measured by gas production. Limestone 
noticeably stimulated fermentation. 
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TABLE 9 

'Effect of N/10 hydrochloric acid on rate of fermentation of rumen ingesta as measured 
by total gas production* and hydrogen^ion concentration 


Trial 

number 

N/10 HCl 
per 200 
grams of 
ingesta 

Gas production 

H-ion concen¬ 
tration 

Ihr. 

2 hrs. 

3 hrs. 

4 hrs. 



0 hrs. 

20 hrs. 



cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

pS 

pS 


Samples without hydrochloric acid 


1 




327.5 

383.0 

433.5 

736.0 

6.64 

5.49 

2 

. 


167.5 

218.0 

264.0 

303.5 

637.0 

5.90 

5.39 

3 



175.7 

239.9 

290.7 

331.3 

632.3 

6.44 

5.24 

4 


104.7 

205.3 

266.0 

312.0 

347.7 

700.0 

6.64 

5.40 

5 


121.0 

205.7 

269.3 

316.7 

358.0 

725.7 

6.34 

5.32 

Ave. 

. 

119.9 

203.8 

264.1 

313.3 

354.8 

686.2 




Samples with hydrochloric acid added 


1 


174.7 



400.0 

450.0 

779.0 

6.64t 

5.60 

2 


106.3 

172.3 

224.3 

269.7 

310.7 

657.3 

5.90 

5.38 

3 


95.3 



276.0 

314.7 

618.7 

6.44 

5.21 

4 


MSmM 

213.7 

275.7 

321.0 

362.0 

700.0 

6.64 

5.29 

5 

20.0 

110.7 

192.7 

250.3 

296.3 

337.3 

677.0 

6.34 

5.17 


* Each figure in the check samples of trials 1 and 2 is the average of duidicato 
8a,mples. All others are averages for triplicate samples, 
f Before addition of HCl. 


TABLE 10 

Effect of sodium chloride on rate of fermentation of rumen ingesta as measured by 

total gas production* 


Trial 

number 

Sodium 
chloride 
per 200 
^ams of 
ingesta 

Gas production 

1 hr. 

2 hrs. 

3 hrs. 

4 hrs. 

5 hrs. 

20 hrs. 


gms. 

cc. 

cc. 

oc. 

cc. 

cc. 

cc. 



Samples without sodium chloride 



1 


109.3 


248.0 

286.7 

321.7 

662.3 

2 


83.0 

162.3 

210.7 

251.3 

286.0 


3 

.. 

105.7 


248.3 

293.3 

333.3 


4 


87.0 


209.7 

246.7 

282.3 

610.7 

5 


88.0 


211.7 

256.7 

287.7 

623.3 

Ave, 

' 

94.6 

169.2 

225.7 

266.9 




Samples with sodium chloride added 


1 

0.5 

123.3 


268.3 


349.3 

692.7 

2 

1.0 

82.3 

159.7 

204.7 

248.7 

279.3 

595.7 

3 

1.0 



267.0 

302.3 

341.7 

623.7 

4 

5.0 


141.3 ■ 

186.3 

218.0 

250.7 

483.3 

5 

10.0 

78.3 


, 186.0 

226.7 

251.7 

497.7 


* Each figure is an average at triplicate samples. 
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Quite a munber of preliminary trials were run with other materials in 
the hope of throwing more light on the physiology of excessive gas produc¬ 
tion in the rumen. Molasses and a few pure sugars were tried. These 
supposedly good bacterial foods tended to inhibit gas production temporarily. 
Longer trends were not studied in vitro although it was noticed that the 
rumen contents became more frothy when molasses was fed regularly to the 
cow. Vitamins such as thiamin chloride, ascorbic acid and calcium pantothe¬ 
nate when used singly in preliminary trials showed no marked effect on gas 
production. Glycerol and urea only slightly modified fermentation when 
small amounts were used. However, ten grams of urea per flask completely 
inhibited gas production. 

One of the more interesting compounds tried was sodium formate (table 
11). This material, in all amounts used, very definitely stimulated fermen- 


TABLE 11 

Effect of sodium formate on rate of fermentation of rumen inffcsta as measured hy total 
gas production^ and hydrogen-ion concentration 


Trial 

number 

Sodium 
formate 
per 200 
grams of 
iiigeata 

Gas production 

H-ion concen¬ 
tration 

1 hr. 

2 hrs. 

3 hrs. 

4 hrs. 

5 hrs. 

20 hrs. 

0 hrs. 

20 hrs. 


gms. 

ec. 

re. 

cc. 

ce. 

cc. 

cc. 

pjsr 

pH 




Samples without sodium formate 




1 


122.3 

199.0 

251.7 

292.3 1 

330.0 

742.0 ! 

1 1 


2 


98.3 1 

184..3 

243.7 I 

291.7 

327.7 

663.7 


5.431 

3 


100.7 

191.7 

244.3 

296.0 

332.3 

683.3 

5.75t 

5.291 

4 


92,0 

169.7 

224.3 

276.0 

308.0 ! 

558.7 

5.78t 

5.481 

5 


129.7 

205.3 

260.3 

305.0 

346.0 

705.3 

6.65 

5.48 

A VC. 


108.6 

190.0 

244.9 

292,2 

328.8 

670.6 




Samples with sodium formate added 


1 

0.5 

151.7 

246.0 

314.7 

380.3 

430.3 

965.3 



2 

0.5 

118,0 

228.0 

301.7 

368.3 

421.0 

876.7 

6.061 

7.001 

3 

1.0 

130,3 

251.3 

326.0 

399.3 

459.7 

1042.3 

5.75t 

7.471 

4 

1.0 

120,0 

217.3 

290.7 

357.3 

415.3 i 

840.3 

5.78t 

7.171 

5 

2.0 

166.7 

274.0 

361.7 

428.7 

485.0 

1158.0 

6.65 

8.42 


* Each figure is au average of triplicate samples. 

f These readings were not obtained on the same samples that W'cre used for the deter¬ 
mination of gas production. However, the treatment was the same*. 

tation and raised the pH of the fermented material. Calcium formate, 
sodinm lactate, calcium lactate and calcium gluconate gave similar but less 
marked increases. More detailed study will be necessary to clarify the re¬ 
sults. Although it is probably as necessary to provide a “balanced ration” 
for bacteria as for dairj' cows, verj' few of these compounds were tried in 
combination, principally due to the lack of time. Milk was tried and in 
limited amounts tended to increase fermentation about 30 per cent. The 
authors were not especially interested in drugs which would inhibit fermen- 
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tation as it was felt that fermentation is a normal physiological process 
which must be encouraged if the cow is to derive the maximum good from 
her feed, especially high fiber feeds. 

One of the chief reasons for starting this investigation was to learn why 
cows bloat more readily on legume pasture than on any other feed and w^hy 
some cows bloat on legume pasture under one set of (?()nditions and not under 
another. Probably the most surprising thing we found was that similar 
amounts of bluegrass and green alfalfa when partially submerged in aliquot 
samples of rumen fiuid produced almost the same amount of gas. In fact 
the rates of gas production tended to follow the dry matter content of the 
materials used even when the grass was dried before immersing in the rumen 
fluid. Unfortunately, varjdng amounts of material were used in this set of 
trials and the time at which readings were made did not coincide in each 
trial so the data cannot be readily summarized in table form. Freshly 
frosted alfalfa and alfalfa covered with dew when cut was also tried but no 
acceleration in rate of fermentation was noted. Even freezing green alfalfa 
and then grinding it while frozen did not alter the end results beyond the 
limits of experimental error. Besides the in vitro trials, an effort w’as made 
to change the cow to feed which liad been frosted but this did not prove 
practical. However, it w^as found that the dry matter content of the rumen 
ingesta was not materially different w^hen the cow was on dry or green feed. 

No determinations were made of the gas as produced. Analyses of the 
total gas produced in 20 hours showed a carbon dioxide content of around 
50 per cent. 

An attempt was made to induce bloat by turning cows into a field of 
young alfalfa. These cows refused to eat alfalfa for any extended time with 
the result that conditions favorable for bloat could not be obtained. It was 
noted, however, that at first these cows were eating the fresh alfalfa at the 
rate of one pound per minut^ while the best rate at which the}" ate good 
bluegrass pasture was one-third of a pound per minute. It might be added 
in explanation of this difference in rate of ingestion that fresh alfalfa is 
more or less pinched off by the cow in grazing while bluegrass must be 
gripped firmly and the grass cut off against the sharp edges of the lower 
teeth. The data on rate of grazing were obtained by weighing the cow 
immediately before and after grazing. All excreta voided was collected and 
corrected for. 

DISCUSSION OF RESUIiTB 

From the results obtained it is evident that temporary changes, though 
of a substantial nature, can be made in the environment of bacteria in the 
rumen without seriously affecting the |ate of gas production. Ijong-time 
trends were not of interest in this Experiment because of unpredictable 
ohanges in bacterial flora which might also occur. 

Nothing in these results would indiicate that the rate of fermentation in 
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the rumen can be increased precipitously by the addition of many of the 
more common siijfars, minerals, or vitamins associated with proper nutrition. 
Even under normal conditions ffas is generated too rapidly to be absorbed 
without a frequent eructation of gas. In fact, our results would indicate 
that green alfalfa does not stimulate gas production any more than green 
growing bluegrass. This has led us to seek a physical explanation for bloat. 
Because our cows ate alfalfa three times as fast as bluegrass, added >veight is 
given to this exj)lanation. 

The fact that injury from rermentation in the paunch never occurs wdth 
cow^s on legume pasture unless they bloat, would tend to indicate that the 
gases formed are not es])ecially toxic. Most cows will be seen to eruet gas 
two or more times per minute while grazing. True, under increased pres¬ 
sure the rate of absorption of the gases produced is much greater and may 
be a contributing factor to death from bloat. However, the failure of the 
gas to escape normally appears to be the predisposing factor. 

Roughage as ingested is dropped from the <‘ar(lia into the recticulum and 
anterior compartment of the rumen. By running bluegrass and alfalfa 
through a meat chopper to simulate chewing, it w’as found that chopped 
alfalfa forms a much more compact mass than chopped bluegrass. At the 
rate of grazing actually observed with cows which had been without food 
for 12-18 hours it is (juite possible that such animals might ingest SO-lOO or 
more pounds of this snc(»ulent feed before resting. This amount of material 
if remaining in a relatively compact mass would tend to force the stomach 
down again-st the abdominal floor. And since the only entrance or exit to 
the stomaidi is at the esophageal groove anything which would tend to de¬ 
press the esophageal groove below tlie level of the fluid in the fore stomachs 
would tend to cause trapping of the gas within the rumen and bloating. 
This condition w^ould he aggravated by the iwv lying down after grazing to 
rest and chew her cud. As ferineutation began to increase the freshly eaten 
mass would b(» buoye<l up by the generated gas and might help to block the 
escape of the gas. Increased pressure would only seal the exit more firmly. 
The drinking of winter might tend to help wash part of this freshly eaten 
mass ba(»k into the rumen wiiere it W'ould normally be carried by the peri¬ 
staltic contractions of the reticulum. On the other hand, if the mass was 
not dislodged the water would only make it more difficult for the gas to 
escape. 

By palpation of the fore stomachs through a rumen fistula one finds that 
the reticulum contracts periodically with considerable force. This peri¬ 
staltic w’ave throw^s the fluid in the reticulum over the more solid material 
in the rumen. A slow peristaltic w^ave then passes over the rumen and tends 
to squeeze out much of this fluid, taking with it some of the soluble material 
freed by soaking, maceration and bacterial action. The semi-liquid material 
flows forward into the reticulum. When a cow quickly ingests large 
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amounts of feed which compacts readily there appears to be danger of up¬ 
setting this normal physiological process. Certainly the danger of bloating 
is greatest immediately after grazing. 

This theory would account for the greater prevalence of bloating when 
cattle graze alfalfa covered with dew or frost by assuming that moistened 
feeds can be ingested more rapidly than unmoistened feeds. Less saliva 
would also be added to the fermenting material. As has already been men¬ 
tioned, it was impossible to get any of the cows, including the one with the 
rumen fistula, to eat suflScient alfalfa during the experiment to simulate the 
conditions described. 

SUMMARY 

Ingesta obtained from a cow by means of a rumen fistula were fermented 
in vitro and the gas collected over twenty-hour periods. Ingesta obtained 
after the cow had eaten silage produced less gas per gram of dry matter 
than ingesta obtained when the cow received only hay and a mixed grain 
ration. Bluegrass pasture and grain produced an ingesta definitely more 
acid than did alfalfa hay and grain. The ingesta normally became more 
acid as fermentation progressed. This increase in acidity was accompanied 
by a decline in rate of gas formation. 

When feed was withheld from the cow for 24 hours, her rumen was not 
more than one-fourth full and most of the material present was in a semi¬ 
liquid state. Ingesta obtained at this time was alkaline and the rate of gas 
production was very slow. 

Aliquot samples of the rumen contents were treated in different ways and 
the rate of fermentation compared. Changes in dilution, temperature and 
hydrogen-ion concentration, in the ranges normally occurring in the stomach, 
had little effect on the rate of fermentation. Amounts of salt which the cow 
.would tolerate in her drinking water also had little effect in in vitro studies. 
Common minerals, such as limestone, accelerated fermentation probably 
through neutralization of the acids formed. Of a number of other materials 
tried, acetic and lactic acids tended to depress fermentation most severely 
while sodium formate had the greatest accelerating infiuence. 

Finding no basis for bloat as a result of altering the environment of the 
bacteria in rumen ingesta, the authors propose a theory based upon the 
physical effect of the feed. This theory was not verified experimentally due 
to a lack of cooperation by the cows under observation. 
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PREVENTION OP DEVELOPMENT OF HYDROLYTIC 
RANCIDITY IN MILK 

N. P. TABA8SUK and J. L. HENDERSON 
Division of Dairy Industry, College of Agriculture, University of 
California, Davis 

Hydrolytic rancidity in milk manifests itself by imparting!: the somewhat 
bitter taste and the sharp, unpleasant aroma characteristic of fat acids of 
low molecular weijrht, especially butyric acid. A partial hydrolysis of milk 
fat, which is responsible for rancid flavor, can be broiifrht about by two 
distinct sets of conditions. 

1. Hydrolysis will result from certain specific treatments of raw milk 
such as (a) homogenization (1), (b) violent shaking? of warm milk (5), 
(c) warmingr of the precooled milk to about 30° C. and cooling: ag:ain below 
10° C. (4). These treatments of milk result in the activation of lipase, an 
enzyme seemingcly present in ail raw supplies of milk (3). Whether one or 
more lipolytic enzymes are involved in the hydrolysis of milk fat by activa¬ 
tion treatments is a question (2); but normally, in any case, the rancid 
flavor does not appear unless the milk is subjected to one of the treatments 
mentioned above. As was pointed out by Tarassuk and Richardson (10), 
lipase-activation treatments of milk have one property in common: they 
lead to disruption, partial replacement, or distortion of the natural adsorp¬ 
tion layer on the fat grlobules; and therein lies the clue to the mechanism 
of activation. 

2. During: winter feeding: when cows have no access to grreen feed, the 
milk from some cows (usually those that are late in lactation) contains a 
naturally active milk lipase. This milk exhibits a spontaneous lipolysis of 
fat since no involved treatment is necessary in order to make it become 
rancid upon agring. The only condition necessary for the activation of 
this lipase is cooling (9). Once the milk has been cooled, lipase activity 
is not materially affected whether it is aged in the cold or rewarmed imme¬ 
diately to 20°, 30° or 37° C. and aged at those temperatures. The critical 
cooling temperature is between 20° C. and 15° C., and the rate of lipase 
action is increased with progressive cooling to lower temperatures. 

The extent of occurrence of spontaneous rancidity in milk is reportedly 
from 3.2 (6) to 35 per cent (7) of milk sampled at the delivery plant as being 
rancid. The present available methods for preventing the rancidity caused 
by naturally active milk lipase are (a) pasteurization shortly after milking, 
and (b) detection of cows whose milk wdll become rancid on cooling and 
aging, and the elimination of their milk from the marketable supply. The 
first method of prevention is usually impracticable or impossible; and the 
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second is uneconomical, especially now that a national effort is being put 
forth to increase milk production. 

In the present study a new method of preventing spontaneous lipolysis 
is presented. This method obviates the economic loss and is simple enough 
to be practicable, 

EXPERIMENTAL RESULTS 

The lipolysis of milk fat caused by a naturally active lipase in milk 
takes place upon cooling and aging. When the concentration of lipase is 
suflSciently high, the rancid flavor becomes perceptible on aging for only 
3 hours. In such milk the rate of lipolysis, according to Tarassuk (8), 
is highest in the first 10 hours. The further rate of hydrolysis by lipase 
is progressively reduced by accumulation of the products of hydrolysis and 



1234-5678 
Aging TiM in Dnjn 

Fxg. 1. « Bate of lipolysis in the mixtures of normal milk and milk containing naturally 
active lipase in very high concentration. 

by lowering of the pH, As is well known, if such milk after cooling and 
aging for 24-36 hours is mixed with a normal milk, the admixture of even 
3-5 per cent of it will impart a rancid flavor to the entire mixture. 

In this work the progress of lipolysis was studied in the various mix¬ 
tures of normal milk and milk containing naturally active lipase when the 
two are mixed within less than one hour after milking—that is, before 
the development of rancidity in potentially rancid milk. 

The rate of lipase action was determined by measuring the surface ten¬ 
sion of milk (8) with a Du-Noiiy tensiometer at 20^ C. The mixing was 
done within an hour after milking, before eooUng or immediately after cool¬ 
ing, All samples were brought to 3-6® in ice water and aged at 5® C. The 
surface tension was measured at intervals during aging. The surface-ten¬ 
sion data were supplemented also by organoleptic test of milk by two experi¬ 
enced judges. 
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Figures 1, 2, and 3 illustrate the data on the rate of hydrolysis of milk 
fat by a naturally active lipase when the various milks containing this lipase 
on different occasions and from different cows were mixed with a normal 
milk^ within an hour after milking. The percentage as shown on the curves 
refers to the per cent of potentially rancid milk that was added. 

Figure 1 illustrates the rate of hydrolysis of milk fat in milk containing 
a very high concentration of a naturally active lipase. As can be seen from 
the curve (100 per cent) in figure 1, the hydrolysis is nearly completed 
within twelve hours. This particular milk tested rancid within two hours 
after cooling; yet when 20 per cent of this milk was mixed with a normal 
milk within one hour after milking, the mixture failed to develop the ran¬ 
cidity perceptible by organoleptic test on aging for nine days. Judging 



Fig. 2. Rate of lipolysia in the mixtures of normal milk and milk containing naturally 
active lipase in liigh concentration. 

from the data in this figure, there is a critical concentration of lipase below 
which the rate of hydrolysis falls to such extent that the presence of lipase 
in concentrations below the critical one has no practical importance. The 
hypothesis of critical concentration of lipase is supported also by figures 2 
and 3. In figure 2 the lipolytic activity of ‘‘lipase milk’’ is also unusually 
high, although less than that shown in figure 1. In this case an admixture 
of 75 per cent of normal milk delayed the development of perceptible rancid 
flavor for three days—an average life of market milk. The mixture of 20 
per cent of “lipase milk” and 80 per cent of normal milk failed to develop 
a rancid flavor on aging for as long as fifteen days. 

iThe term normal as used here means milk that will not show any appre¬ 

ciable hydrolytic rancidity on cooling and aging for three days, as can be determined by 
organoleptic test or by surface-tension measurements. 
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Pigfure 3 represents the average lipolytie activity of milk that goes rancid 
spontaneously. As can be seen from the rate of hy<irolysis, such milk shows 
a pronounced rancidity on cooling and aging for 24 hours or longer. As is 
evident from figure 3, the development of rancid flavor in such milk can be 



Fio. 3. Rate of lipolysia in tlie mixtures of normal milk and milk containing naturally 
active lipase in average concentration. 

prevented for a period longer than the average life of milk by mixing it with 
a norma] milk in a proportion even as great as 1:1. The average organolcj). 
tic score given by two judges to the mixtures of the milks represented in 
figure 3 appears in table 1. The samples were keyed and scored as un¬ 
knowns placed in random order. 

TABLE 1 

Organoleplio score of mixtures of normal and potenUaVy rancid milk after 
various agmg periods* 


Sample 

1 Time of Aging 

Criticism 

* * Lipase milk' ’ 
in milk 

38 hours 

91 hours 

per cent 




100 

0 

0 

Very rancid 

70 

18 

16 

Slightly rancid uiid rancid 

50 

23 

23 

No criticism 

30 

23 

23 

No criticism 

20 

23 

23, 

No criticism 

0 (normal) 

23 

i!3 

No criticism 


*^^0 mllk*scoro card of the American Dairy Science Association allows 25 points for 
a l^f^t flavor score. By custom, milks with no flavor defects are given a score of 23 
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The data demonstrate clearly that the rate of lipolysis of milk fat due 
to a naturally active lipase does not follow the rate of dilution of the enzyme 
when a dilution is made by mixing with normal milk. In general the lipoly¬ 
sis curves at higher concentration of the enzyme have the characteristics of 
an exponential curve. When the original “lipase milk*' is diluted 1:3 or 
higher with a normal milk, the rate of lipolysis after the first few hours of 
aging approaches a straight line, which is rather characteristic of a normal 
milk. 

Since very seldom will more than one out of five (*ows in a herd give milk 
that goes rancid spontaneously, the mixing of the herd’s milk will prevent 
the development of rancid flavor. This method of preventing hydrolytic 
rancidity in milk is not equally applicable to a separated cream. The ex¬ 
perimental work is being done to study this phase of the problem. 

This method of mixing also cannot be applied for the prevention of the 
development of rancidity resulting from activation of lipase of normal milk 
by temperature changes as stated previously. In the latter case the rate of 
lipolysis of milk fat seemingly follows the rate of dilutions and the details 
of this study will be reported in a subsequent paper. 

SUMMARY 

The development of hydrolytic rancidity in raw milk by a naturally 
active lipase present in high concentration can be successfully prevented by 
mixipg with normal milk within an hour after milking. The amounts to be 
mixed depend upon the concentration of the lipase. The mixing of “lipase 
milk” with normal milk in a proportion of 1:4 or higher will always pre¬ 
vent rancidity. To insure the etfectiveness of this method the mixing must 
be made within an hour after milking, before cooling or immediately after 
cooling. If a milk containing a naturally active lipase is allowed after cool¬ 
ing to age separately and thus to become rancid, then the addition of very 
small amount to a normal supply will impart the rancid flavor to the whole 
mixture. 
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SHARK LIVER OIL AND THE VITAMIN A 
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Florida Agrioultnral Experiment Station, Gainesville, Florida 

INTRODUCTION 

The vitamin A activity of winter milk usually is lower than that of 
summer milk due to the reduced carotene intake of cows maintained on winter 
rations. It is well known that the vitamin A activity of milk is dependent 
on the level of carotene and vitamin A in the ration. The data presented 
herein are the result of an attempt to increase the vitamin A potency of 
winter milk. 

REVIEW OP LITERATURE 

Reports in the literature have shown that feeding carotene, whether as 
green pasture or hay in amounts as high as 6,000,000 International Units 
(I.U.) of vitamin A per cow per day, has never resulted in butter containing 
more than 56 I.U. of vitamin A per gram, nor milk containing over 2500 units 
per quart (2,18, 20, 21, 22). 

Archibald and Parsons (1) fed a fortified coddiver oil with the dairy 
ration and reported a significant increase in the vitamin A level of the milk 
from these animals as compared with those receiving unsupplemented 
rations. They reported 3596 units of vitamin A per quart of milk when 
cod-liver oil (3000 U.S.P. units of vitamin A per gram) was fed at 0.25 per 
cent level in the grain. The vitamin A assays of the milk in two consecutive 
years did not agree because of a change in the quality of the roughage used 
in the basal ration. These investigators noticed a favorable effect on milk 
production and found no significant effect on the average butterfat content 
of the milk. 

Deuel et al. (3, 4) administered 700,000 and 1,400,000 I.U. of vitamin A 
in the form of shark-liver oil to Guernsey cows and observed a correspond¬ 
ing increase in the vitamin A potency of the milk, proportional to the 
amount of vitamin fed. The basal diet included large amounts of fresh-cut 
alfalfa and baled alfalfa hay. These workers reported an average of 113 
I.U. of vitamin A per gram of butterfat after daily administration of 
1,400,000 I.U. of vitamin A as shark-liver oil, and as high as 172 I.U. of 
vitamin A per gram of butterfat with one animal. These analyses were 
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colorimetric, using a Bills-Wallenmeyer electronic photometer, although 
bioassays on a few samples showed a slightly lower potency. Under the 
conditions of their experiment apparently no threshold level was reached. 
They reported also a 10 per cent increase in the tnilk production of the cows 
receiving shark-liver oil and a slightly greater increase of butterfat. In 
a second experiment these workers reported a potency of 55 I.U. of vitamin 
A per gram of butter from cows receiving shark-liver 6iL 

It has been reported that high concentrations of cod-liver oil decreased 
the percentage of butterfat (5, 7, II, 12, 13); that cod-liver oil concentrate 
had no effect (1); that shark-liver oil either had no effect (11), increased 
(4), or decreased the percentage of butterfat (17), Guthrie (6) reported 
that a high vitamin A ration would increase the vitamin C content of the 
milk. The effect of feeding shark-liver oil in the ration on the vitamin A 
potency, butterfat percentage, and ascorbic acid content of milk wdll be 
reported herein. 

EXPERIMENTAL METHODS 

Ten Jersey cows selected from the Florida Agricultural Experiment 
Station dairy herd were used. They were selected as nearly uniform as 
possible as regards milk and butterfat production, and stage of lactation. 
These cows were placed in four groups; Groups I, IT, and III, consisting of 
two animals each, and a control group containing four animals. The experi¬ 
ment was divided into three feeding periods: a preperiod before supple¬ 
mentation with shark-liver oil, a dry lot or winter period with oil supplemen¬ 
tation, and a pasture or spring period with oil supplementation. 

The basal ration was the regular dairy herd ration which consists of 
a well-balanced concentrate mixture and silage made from corn, well matured 
and well eared. During the winter period, Alyce clover (Alysicarpus vag¬ 
inalis (L,) DC.) hay was added to the basal ration at the level of approxi¬ 
mately eight pounds per head daily. The control group received only the 
basal ration, whereas Groups I, II and III received 2.5, 5.0 and 10 pounds of 
shark-liver oil (9,000 I.U. of vitamin A per gram), respectively, per ton of 
the mixed concentrates. The shark-liver oil was incorporated in the wheat 
bran which was then mixed with the other constituents of the concentrate 
mixture. Fresh batches of feed were prepared at 30-day intervals. The 
cows received approxim$tely 10 pounds of the concentrate mixture and 20 
pounds of corn silage per head daily. 

The shark-liver oil and Alyce clover hay were assayed biologically for 
vitamin A by the U.S.P. XI technique (15). The carotene contents of the 
basal ration, corn silage and Alyce clover hay were determined by the 
method of Peterson, Hughes and Freeman (14). 

Composite milk samples for a 24-fa(fif period were collected from each cow 
at the end of each experimental periodJ The ascorbic acid content of each 
milk sample was determined immediately after collection by the method of 
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Sharpe (19). The biitterfat content of each milk sample was determined by 
the Babcock method. The milk from cows of the same g^roup was then 
mixed, heated to 143® F. for ten minutes, homo^cenized at 43,000 pounds 
pressure per s(|uare inch, placed in half-pint carton containers and stored 
at 0® P. awaitiuf? bioassay. 

In previous biologjical assays of milk for vitamin A, it was found that 
0.5 cc. per rat daily resulted in a large percentage of deaths before the end 
of the assay period. Therefore, 1 cc. of milk per rat daily was the level fed. 

A growth-respon.se curve for the IT.S.P. reference cod-liver oil was estab¬ 
lished for the rat strain used in this laboratory. The growth responses 
on the milk samples were compared with this reference growth-response 
curve, as were the groudh responses of the rats on shark-liver oil and Alyce 
clover hay. 

RESULTS 

The shark-liver oil assayed at least 9,000 LIT. of vitamin A per gram, 
Alyce clover hay approximately 170 I.IT., and the corn silage 1.4 I.U. The 
basal concentrate mixture show^ed no appreciable vitamin A activity. 

Table 1 gives the approximate daily vitamin A content of the rations 
for the diflFerent groups of cows receiving shark-liver oil, and the vitamin A 
potency per quart of milk from these groups of animals for the different 
periods. 

TABLE 1 


The vitamin A potency per quart of mill" from cows receiving shark-liver oil 


Group 

Supplement of 
oil per ton of 
mixed con¬ 
centrates 

T.U.* of vitamin 
A per day in 
the ration 

Vitamin A potency per quart of milk 

Pre-period 

Dry lot 
period 

Pasture 

period 


Ihs, 


LV, 

Lh\ 

LU, 

Basalt 

0,0 

744,000 

1740 

1570 

1730 

I . . 

2.5 

795,000 

1880 

1845 

2035 

II 

5.0 

846,000 

1845 

1890 

1880 

III . 

10.0 

948,000 

1770 

1910 

1875 

Cow #601 

6 oz. per day 

2,144,000 



17()0 


* I.U. = International unit of vitamin A. 
t Basal ration 

J,I7. of Vitamin A 
per cow per day 


Grain mixture .... 0 

Com silage . 127,000 

Alyce clover hay . (517,000 


744,000 

The feeding of high levels of shark-liver oil slightly lowered the per¬ 
centage butterfat of milk as shown in table 2. 

The ascorbic acid content of the milk samples from each cow ranged from 
17.2 to 20.4 mg. per liter during the control period; 15.0 to 19.8 mg. per liter 
during the dry lot period, and 17.7 to 25.3 mg. per liter during the period 
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TABLE 2 

The relation, of high intakes of tharh-Uver oil to the percentage hutterfat 
of milk from Jertey eowa 


Cow No. 

Level of oil 
fed daily 

Percentage of butterfat 

Before feeding 
oil 

During and after oil feeding 

Weeks 

1 

2 

3 

4 


Off. 






601 

4 

5.1 

5.0 

5.2 

4.7* 

5.4 

637 

6 

4.0 

4.75 

3.8* 

4.7 

. 

539 



2.2 

3.1* 

3.5 


564 



3.7 

4.3* 

4.7 


602 



4.75 

4.7* 

5.0 


435 



4.2 

4.1* 

4.65 

■■ 


* Feeding of shark-liver oil ceased after taking milk sample. 


on pasture. Of the 30 samples a low value of 15.0 mg. of ascorbic acid was 
found in Lots I and III during the dry lot period, and the high value of 
25.3 was found in Lot II in the spring period. 

DISCUSSION OF RBSUUB 

In the preperiod and during the spring period the animals had access 
to succulent green pasture so that it was impossible to calculate the amount 
of vitamin A received in the form of carotene. 

The most dependable vitamin A potencies of the rations are thus found 
for the dry lot or winter period, as indicated in table 1. These values 
ranged from 744,000 I.U. for the animals receiving no supplement of oil, to 
948,000 I.U. with oil supplementation. The vitamin A potency of the milk 
ranged from 1570 to 1910 I.U. per quart. The addition of 0.125 per cent of 
shark-liver oil in the concentrates of the basal ration (Group I) raised the 
vitamin A intake from 744,000 to 795,000 I.U. per cow daily. This level of 
vitamin A in the ration was sufQcient to produce milk of maximum vitamin 
A potency. Increasing the vitamin A potency of the ration above this level 
by further* additions of shark-liver oil (0.25 and 0.50 per cent) did not 
further increase the vitamin A potency of the milk. Even when these 
animals were allowed to go on pasture in the spring period, receiving stiU 
more vitamin A in the form of carotene, no further increase in the vitamin 
A potency of the milk was observed. One cow (# 601) received six ounces 
of shark-liver oil in addition to the basal ration so that the total vitamin A 
in the ration amounted to 2,144,000 I.U. Even this very high level did not 
affect the vitamin A potency of the milk beyond that resulting from a ration 
containing 795,000 I.U. per day. Eyi(itotly, a threshold level for vitamin A 
section exisia above which more vitamn A in the feed does not 
the vitamin A potency of the milk. The value, 795,000 I.U. of vitamin A 


















VITAMIN A POTENCY OF MILK 


811 


per cow per day, closely approaches the value of 550,000 Sherman-Munsell 
Units, or 770,000 I.U. (1.4 conversion factor) as reported by Wilbur, Hilton 
and Hauge (21) as necessary in the form of carotene to keep the vitamin A 
potency of butterfat at a maximum. Deuel et al. (3, 4) on the other hand, 
report no such threshold level in their experiment using Guernsey cows. 
They found a corresponding increase in the vitamin A potency of the butter- 
fat as the amount of shark-liver oil in the ration increased, reporting as 
high as 172 I.U. of vitamin A per gram of butterfat (8600 I.U. of vitamin 
A per quart of milk, on the basis of five per cent butterfat). 

It can be noted from table 1 that a significant decrease occurred in the 
vitamin A potency of the milk from cows of the basal group when pasture 
was eliminated from the ration during'the dry lot period. An increase in 
the vitamin A potency of the milk for this group during the following pas¬ 
ture period shows the effect of good pasture on the vitamin A activity of 
milk. 

Per cent of butterfat: The administration of four to six ounces of 
shark-liver oil daily to Jersey cows tended to decrease the percentage of 
butterfat slightly without affecting the quantity of milk produced. An 
increase of percentage of butterfat was observed with each animal on cessa¬ 
tion of oil administration, as shown in table 2. McCay and Maynard (11) 
reported that the depressing effect on butterfat secretion caused by feeding 
cod-liver oil did not occur when shark-liver oil was used, while Deuel et al, 
(4) reported an increase of about 10 per cent in butterfat and milk pro¬ 
duction with the administration of shark-liver oil. Rupel, Boyer and 
Phillips (17) have recently reported that large amounts of shark-liver oil 
decreased the percentage of butterfat at the beginning of the oil feeding 
period. These data do not confirm the work of Deuel et al. (3, 4). 

Ascorbic acid: Ascorbic acid is knowm to be synthesized within the body 
of the cow. Several investigators (8, 9, 10, 16) have observed that no rela¬ 
tionship exists between ascorbic acid in feed and in milk, while Guthrie (6) 
in 1939 reported that the addition of vitamin A in the form of cod-liver oil 
increased the ascorbic acid content of milk. There were no indications that 
the vitamin A activity of the ration influenced the ascorbic acid content of 
the milk under the conditions of tlie experiment reported herein. 

SUMMARY AND CONOLITSIONS 

The vitamin A potency of milk, obtained from cows receiving 744,000 to 
2,144,000 International Units of vitamin A per day in rations by the supple¬ 
mentation with shark-liver oil, ranged from 1570 to 2035 I.U. per quart. 

The feeding of approximately 795,000 I.U. of vitamin A (0.125 per cent 
shark-liver oil in the concentrates) per cow daily resulted in milk of maxi¬ 
mum vitamin A potency. It is suggested that a threshold level exists for 
the secretion of vitamin A in milk, since feeding higher levels of vitamin A 
did not result in further increases of this vitamin in the milk. 
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Administration of high levels (4 to 6 ounces) of shark-liver oil per cow 
daily tended to depress slightly the percentage of butterfat in the milk with¬ 
out affecting milk production. 

There was no indication that high vitamin A potency of the ration in¬ 
fluenced the ascorbic acid content of the milk. 
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SEASONAL VARIATION IN SEMEN QUALITY OP THE 
DAIRY BULLi 


E. E. EEB, F. N. ANDREWS, and J. H. HILTON 2 
Purdue University Agricultural Experiment Station, Lafayette, Ind, 

It has long been recognized that in many vertebrates spermatogenesis is 
not continuous but tends to oceur at one rather definite period of the year. 
Cyclic spermatogenic activity is characteristic of the majority of mammals 
with the exception of such domesticated and semidomesticated species as the 
guinea pig, rabbit, rat, dog, boar, ram, stallion, bull and man. These species 
have long been classified as continuous breeders but evidence is now accumu¬ 
lating to show that although spermatozoa are produced throughout the 
entire year certain seasonal trends in the rate of spermatogenesis and the 
degree of fertility are evident. The purpose of this study was to determine 
the influence of season upon semen quality in the dairy bull. 

KEVIEW OF LITERATURE 

The factors influencing spermatogenic activity have been thoroughly 
reviewed by Moore (10) ‘but in brief, the testis is regulated by the gonado- 
topic hormones of the anterior pituitary gland and to some extent by other 
endocrines, by the amount and quality of light, by environmental and 
testicular temperatures and by the plane of body nutrition. 

Kadulescu (11) in Europe and Roux and Hoffman (12) in South Africa 
concluded that in the ram spermatogenesis is continuous throughout the 
year. McKenzie and Berliner (8) in an extensive study of semen production 
of Hampshire and Shropshire rams under Missouri conditions reported that 
although spermatozoa were produced during all months, definite seasonal 
trends in semen quality were apparent. Maximum semen quality was ob¬ 
served in the Shropshires from October to January and in the Hampshires 
from August to January. Seasonal changes were more apparent in the 
Shropshire rams and very poor semen was produced by the males of this 
breed during July and August. 

Many studies of spermatogenesis, semen production, sperm physiology 
and fertility have been made in the bovine, Williams (16), Donham et ah 
(2), Lagerlof (7), Milovanov (9), Davis and Williams (1), Herman and 
Swanson (5) and others, but none have reported seasonal differences in 
semen quality, 

Beceived for publication April 22, 1942. 

1 Journal paper No. 19, Purdue University Agricultural Experiment Station. 

2 The authors wish to express their appreciation to Doctor M, B. Zelle of the Depart¬ 
ment of Animal Husbandry for his cooperation in the statistical treatment of the data and 
to Mr. George Hainje and his assistants at the Purdue Dairy Farm for their care of the 
experimental animals. 
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Erb, Wilbur and Hilton (3) iu a study of the breeding efficiency of the 
Purdue Dairy Herd from 1920 to 1940 found that maximum efficienc3’' was 
obtained in May (74.3 per cent) and that the minimum efficiency occurred 
in August (58.2 per cent). The causes of the seasonal differences were not 
apparent from the available records and the present studj^ was undertaken 
iu the hope that information on the role of season and its influence on the 
reproductive performance of the dairy bull might be gathered. 

MATEBIALS AND METHODS 

Pour Holstein, two Jersey, two Guernsey and one Ayrshire bulls were 
used iu this study. These animals were regular herd sires in the Purdue 
University Dairy Herd and ranged in age from one to seven years. 

The bulls were housed in individual 10 x 12 foot stalls and had access at 
will to 12 X 60 foot exercising pens, although no compulsory exercise was 
employed. The animals had no access to pasture and were maintained 
throughout the experiment on a grain ration composed of 200 pounds of 
yellow corn, 100 pounds of oats, 50 pounds of bran, 50 pounds of old process 
linseed oil meal, 50 pounds of cottonseed meal, 12 pounds of salt and 100 
pounds of bone meal. The grain mixture contained 13.4 per cent crude 
protein and was fed in sufficient amounts to maintain satisfactory growth 
of the immature bulls and to maintain all of the animals in ‘‘good breeding 
condition'' according to the usual Dairy Husbandry standards. First 
cutting No. 2 grade alfalfa hay averaging 19 per cent crude protein was fed 
ad libitum. 

Semen was collected from all bulls with an artificial vagina once each 
week and, with a few exceptions, two ejaculates were obtained within a ten- 
minute interval at each collection period. 

The methods of semen evaluation were those which are commonly used in 
investigations of this type and have been fully described by Weisman (15), 
Lambert and McKenzie (6), McKenzie and Berliner (8) and others. Semen 
volume and the initial motility of the spermatozoa were immediately re¬ 
corded and pH determinations were made with the Beckman pH Meter and 
the one-drop glass ele<^(trode within the first post-collection hour. The semen 
samples were stored at 40t® E. in 4 cc. glass vials fitted with paraffined corks 
and small portions were withdrawn at 24*hour intervals and examined for 
motility in a stage incubator at 100® F. 

The degree of motility of the spermatozoa was expressed in terms of the 
following criteria: 

0 = No motility. 

1 = Less than 20 per cent of the sperm showing progressive motion. 

2 = Twenty to 40 per cent of the spArm exhibiting progressive motion but 

no evidence of waves or eddies in the semen drop. 

3 = Forty to 60 per cent of the spermatozoa showing vigorous progressive 

movement and the formation of slowly moving waves in the semen. 
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4 = Sixty to 80 per cent of the sperm exhibiting? rapidly moving waves 

showing some dead spermatozoa carried along by the motion of the 
semen. 

5 = Eighty to 100 per cent of the spermatozoa showing rapid, progressive 

movement. The rapidly moving waves formed by the activity of the 
sperm show very few dead cells being swept along as inert bodies. 

The concentration of the spermatozoa per unit volume of semen was 
determined witli the hemacytometer using the technique which is ordinarily 
applied for the counting of red blood cells. The total spermatozoa per 
ejaculate were determined and a total motility rating score was obtained by 
summation of the individual motility ratings during the entire survival 
period. 

Smears of each ejaculate were made at the time of collection, were air 
dried, and later stained with eosin. These slides were examined at 440 x 
magnification and the various types of abnormal sperm forms recorded. 

The data were analyzed for variance by the methods described by Snede- 
cor (14). 

RESULTS 


The results of the examination of 879 ejaculates produced by 9 bulls 
between July 1,1940, and August 31, 1941, are ])resented in this study. 

Marked individual ditferences between bulls, and between successive 
weeks in the same bull, are apparent, and the significance of the variations 
has been tested. An analysis for variance on all samples collected from four 
bulls which Avere in the experiment for at least 12 consecutive months has 
been performed by the methods described by Snedecor (14). These bulls 
were normal, young, healthy animals with good breeding records and Avere 
maintained under the same system of management througliout the experi¬ 
ment : 


Bull 

30A 

Design 

Brampton 

Drummer 


Age 

years 

2 years 
4 years 

3 years 


Breed 
Holstein 
J ersey 
Jersey 
Ayrshire 


A summary of the factors Avhieh Avere analyzed and tlie significant A^ari- 
ations w^hich were observed is presented in table 1. Significant differences 
between bulls occurred for each factor analyzed, and, as with other types of 
physiological studies on small numbers of farm animals, the importance of 
careful study and analysis of the data is apparent. Highly significant dif¬ 
ferences occurred between months for each factor except pll, and this 
showed significant variation at the 5 per cent level. These results suggest 
that seasonal trends in semen production and quality do occur. The bull- 
month interaction analysis (table 1) reveals that the concentration of sper¬ 
matozoa, the numbers of abnormal sperm forms, the survival of spermatozoa, 



818 


B. E. EBB, F. K. AKDBEWB, AND J. H. HU/TON 


and the total motility rating show highly significant variations and that 
volume varied significantly at the 5 per cent level. 

The results of an analysis designed to reveal the significant monthly vari¬ 
ations from the mean of four bulls are presented in table 2. The data show 
that semen of consistently inferior quality, when compared with the mean, 
was produced during the months of July, August and September and that 
semen of superior quality was obtained during April, May and June. 

Although it has been shown in table 2 that significant monthly variations 
in semen quality occurred (means of 4 bulls) these results do not necessarily 
indicate individual bull variations. Since too few samples were obtained 
each month from individual bulls to yield a satisfactory mean the twelve 
months of the year were grouped as follows: winter (January, February and 

TABLE 1 


Summary of the analyses of variance of the semen characteristics of 4 hulls 


Factor analyzed for variance 

Source of variation 

Between 

bulls 

Between 

months 

Bull-month 
interaction 

Initial motility . 

+ + 

+ + 


Volume. 

+ + 

+ + 


Concentration of sperm/mm.» . 

+ + 


+ + 

Total sperm . 

+ + 

+ + 

- 

pH. . 

+ + 

+ 

— 

Abnormal sperm/lOOO . 

+ + 

+• + 

+ + 

Survival period . 

+ + 

++ 

+ + 

Total motility rating . 

+ + 

+ + 

+ + 


- = Non^flignificant. 

+ r Si^ificant. 

+ + = Highly significant. 


March); spring (April, May and June); summer (July, August and Sep¬ 
tember) ; fall (October, November and December). These divisions were 
made because no appreciable differences in semen quality occurred within 
the periods, and because these months are the most similar in average daily 
temperature and humidity. 

Volume and initial motility. The seasonal trends of the average semen 
volume and initial motility of 9 bulls are shown graphically in figure 1. 
Seven of the 9 bulls produced spermatozoa with the lowest initial motility 
during the summer months. Hie variation of 2 of the bulls, Blend and 
Triumph, may be due to individual differences, although the fact that Blend 
was started in service in January, 1941, and was used for only limited ser¬ 
vice during the first 2 months, mid that Triumph often exhibited little or no 
sex desire, may explain the differences observed. The average volume of 
smnen per ejaculate did not show as' a^fich variation as initial motility and 
with one exception (Lad) the average smen volume was least in the atimmer 
months. 




TABLE 2 

Summary of the significant monthly variations of the semen characteristics of 4 bvlh. 
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Fig, 1. The effect of season on the average semen volume and average initial sperm 
motility of individual bulls. Explanation: Bl—-Blend; .1—Jackie; L—Lnd; C—Captain; 
T—Triumph; Dr—Drummer; Br—Brampton; Des—Design. 

Concentration and total Hpcrmaioioa. The averagre number of sperm per 
cubic millimeter of semen was greater during the spring than in any other 
season, and the total number of spermatozoa per ejaculate showed the same 
trend (figure 2). 

Hydrogen-ion concentration. As shown in figure 3 the average initial 
pH of the semen show^ed little seasonal change in either the same or between 
different bulls and there were no significant trends. 

Ahnormal spermatozoa. With the exception of ("aptain all bulls pro¬ 
duced significantly greater numbers of abnormal sperm forms i>er thousand 
spermatozoa during the summer months than during any other season. The 
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Fig. 3. The effect of seaHon on the average pH and the average numbers of abnormal 
sperm per thousand spermatozoa of individual bulls. 

numbers of abnormal sperm present in semen samples obtained during tlie 
fall, winter and spring were highly comparable (figure 3). 

Survival period a7id total motilitif rating. As shown in figure 4 consider¬ 
able individual variation was observed in the survival of spermatozoa and 
in the total motility rating. However, the survival and total motility ratings 
were usually poorest during the summer months when compared to the fall, 
w’inter and spring periods. 

Summary of sigtiifkani seasomd variations. When seasonal comparisons 
were made by computing the least significant mean differences of individual 
bulls for all methods of semen evaluation with the exception of pH, certain 


TABLE 3 

Sxnnmary of the significant seasonal variations of 9 bidividual hulls when all methods of 
semen evaluation except pJl were considered 



Spring 

and 

summer 

Fall 

and 

summer 

"Winter 

»nd 

summer 

j 

Spring 
and 
, fall 

Winter 

and 

fall 

Spring 

and 

winter 


Sp, 

8 . 

F. 

8. 

w. 

8. 

Sp. 

F. 

W. 

F. 

8p. 

W. 

Total number of compari- 





! 








sons . 

No. of highly si^iflcant 
comparisons shoWing pro¬ 
duction of superior qual¬ 

49 

49 

49 

49 ^ 

49 

49 

35 

35 

42 

42 

42 

42 

ity semen . 

No. of significant compari¬ 
sons showing production 
of superior quality semen 

No, of non-significant com¬ 

31 

0 

20 

0 

14 

1 

11 

0 

3 

2 

14 

0 

8 

0 

3 

0 

5 

2 

6 

0 

1 1 

2 

2 

0 

parisons . 

10 

10 

26 

20 

27 

27 

18 

18 

34 

34 

26 

26 
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trends are evident. These data, which are summarized in table 3, show that 
when spring and summer semen quality were compared, spring semen was 
superior to that produced during the summer in 39 of 49 comparisons. 
Spring semen was equal to or superior to that produced during the fall and 
winter, and the semen of the poorest quality was produced during the sum¬ 
mer months. 

Temperature as a factor in seasonal spermatogenesis. Although tem¬ 
perature, humidity, and quantity and quality of light vary during the four 
seasons of the year and although the conditions during the same months of 
different years are often dissimilar, it is believed that temperature changes 



-a - 

C3SUMMER tODr izmw ■■SPRING 


Fig. 4. The effect of season on the average total motility rating and the average sur¬ 
vival period of spermatozoa of individual bulls. 


are at least partially responsible for the differences in semen quality which 
were observed. 

The rdationships between temperature and semen quality for the four 
bulls which were in the experiment for a complete year are presented in 
figure 5. Many of the trends in semen production follow the temperature 
curve rather closely. The average number of abnormal spermatozoa per 
thousand i^enn increased more than 25 per cent during the months of July, 
August and September and total motility, survival, concentration, initial 
motility and volume were least at the time the maximum temperatures were 
observed. Bapid changes in temperature, either up or down, often seemed 
to be reflected in semen quality, and the fact that the average maTinmiTn tem¬ 
perature dropped 23 degrees Fahreni^it during November may have hem 
at least partially responsible for the decreased quality of the semen which 
was collected during that month. 













SEMEN QUALITY OP THE DAIRY BULL 


82:5 



Pig. 5. Summary of thu montlily variations in the semen quality of the 4 bulls, 
Drummer, Brampton, Design and 10A. 

DISCUF5SION 

The causes of sterility and the factors which influence fertility are 
numerous and at best only partially understood. Sterility is usually easily 
recognized, for it is manifest by complete reproductive failure whereas fer¬ 
tility is a relative condition and must be expressed in relative terms. Those 
species which are strictly seasonal breeders are sterile during the non-breed¬ 
ing season, ivhereas such species as man, the domestic fowl, the horse, the 
bovine, and others, although classified as continuous breeders, tend to repro¬ 
duce at different intensities throughout the year. 

^ Although few critical studies of the influence of season upon reproduc¬ 
tion in dairy cattle have been made, evidence has been accumulating that 
such influences do exist. Hammond (5) states that although cows will breed 
throughout the year the reproductive forces are at a maximum from May to 
July. Erb et ah (3) found breeding efficiency to be maximum during May 
and June and minimum during July and August, and Seath and Staples 
(13) of the Louisiana Station subsequently reported that more services per 
conception were required during the summer months than at any other 
period of the year. 
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A Study of the reproductive efficiency of the Purdue Dairy Herd between 
1920 and 1940 by Erb, Wilbur and Hilton (3) reveals an average breeding 
efficiency of 58.2 per cent in August as contrasted with 74.3 per cent in May. 
Although quantitative data were not available in the records of that 20-year 
period for determining the relative fertility of the males and females in¬ 
volved, it is likely that both sexes were affected. It is interesting to note 
that the quality of the semen produced by the bulls uicluded in the present 
study, as determined by the laboratory methods described, was significantly 
superior during April, May and June and significantly inferior during Julj', 
August and September. Since the management and plane of nutrition of 
the bulls were similar throughout the experimental period it is concluded 
that the changes observed were the result of those factors which characterize 
the seasons—^temperature, light, relative humidity and other general or 
obscure atmospheric factors. 

Seasonal changes in semen quality of the bulls were not as striking as 
thoM which McKenzie and Berliner (8) have reported for Shropshire rams 
maintained under Missouri conditions. For example, the maximum average 
number of abnormal sperm forms per thousand spermatozoa was 165 in 
August in the bulls in contrast with more than 700 per thousand in Shrop¬ 
shire rams. Whereas the semen of this particular breed of rams might be 
considered relatively infertile during August, the semen produced by the 
bulls during the corresponding period might be described as of lowered 
quality when compared with the annual mean. 

The experiment was not designed to determine the specific influences of 
temperature, light or humidity but it is believed that environmental tem¬ 
perature was undoubtedly of considerable importance. Many workers, as 
reviewed by Moore, (10) have demonstrated the deleterious effects of ele¬ 
vated temperatures upon spermatogenesis in mammals. The direct applica¬ 
tion of heat to the testis, the insulation of the scrotum, the replacement of 
the testes in the abdominal cavity, or a continued febrile condition, cause 
partial or complete inhibition of spermatogenesis. The increased rate of 
respiration and uneasiness which is characteristic of cattle and other farm 
animals, during periods of prolonged hot, humid weather is an indication 
that the regulation of body temperature is difficult and it would not be con¬ 
sidered unusual if certain body processes such as semen production, were 
interfered witii. The fact that McKenzie and Berliner (8) were able to 
decrease semen qualily during the winter months by placing a group of rams 
in a warm, humid room is an indication that environment can exert a marlmd 
influence, upon spermatogenesis in the normal intact male. Whether these 
effects are directly upon the testjpijthe hypophysis and/or other endoerines 
remain at present onexplamed. 
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SUMMARY 

1. Analyses of variance in various characteristics of semen production 
between bulls and between months reveal highly significant differences 
between bulls and between months for all factors studied except pH. 

2. The average semen volume was least in July, August and September. 

3. The average initial motility was least in July, August and September. 

4. The average concentration of spermatozoa and total sperm per ejacu¬ 
late was maximum during April, May and June. 

5. The average period of sperm survival was least in August, and lower 
in July, September and November than during any other months. 

6. The average number of abnormal spermatozoa was 25 per cent greater 
during July, August and September than during the next highest month of 
the year. 

7. No significant seasonal variations in pH were observed. 

8. The quality of the semen produced by the bulls in this study was sig¬ 
nificantly superior during the spring and significantly inferior during the 
summer. The semen i)rodueed during the fall and winter months did not 
vary significantly from the mean. 
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A COMPARATIVE STUDY OF THE FROST LITTLE PLATE AND 
STANDARD PLATE METHODS FOR TE[E BACTERIOLOGICAL 
EXAMINATION OF MILK, CREAM, AND ICE CREAM* 

C. 8. BBYAN, M. V. 80HEID, and M. D. NEtTHAUSEB 
Agricultural Experiment Station, East Lansing, Michigan 

AND 

B, L. GILBEET and G. J. TUENEY 
Department of Health, Lansing, Michigan 

In 1915 Frost (1) presented a technique for making a rapid microscopic 
colony count of bacteria in milk, which has since been called the Frost little 
plate method. A detailed procedure was published by him in 1921 (5). 
Frost (2, 3, 4) and others (6, 8) have made comparative studies of the little 
plate and standard plating procedure and reported a good agreement be¬ 
tween bacteria counts of milk obtained by these two procedures. However, 
considering the lack of any published reports, the little plate method for 
determining bacteria counts of milk appears to have been in disuse since 
1922. Johns (7) adapted the method for making yeast and mold counts of 
butter. 

• The “old” standard nutrient agar was used in the above-mentioned 
studies. This medium was not a highly nutritive one; therefore Frost 
recommended a minimum three- or four-hour incubation period for milk in 
which the bacteria had been actively growing and a minimum eight- or nine- 
hour incubation period for both low-count milk and milk that had been re¬ 
cently pasteurized. In July of 1939 the American Public Health Association 
replaced the above agar with the more nutritive tryptone-glucose-extract- 
milk agar. This change and the fact that most milk plants, creameries, and 
health departments now have microscopes available, suggested the possibility 
that the Frost little plate method may be extremely valuable to milk plant 
operators and health ofScials in their milk control work insofar as the speed 
of determining the numbers of living bacteria in milk, cream, and ice cream 
is concerned. Accordingly, this study of the Frost little plate was made, 
employing the tryptone-glucose-extract agar to determine the bacteria count 
of milk, cream, and ice cream. 


METHOD 

Milk, cream, and ice cream samples were examined for bacteria count by 
both the Frost little plate (incubated in moist chamber at 37® C.) and 
Boceived for publication April 23, 1942. 

Journal article No. 583, n.s. from the Michigan Agricultural Experiment Station. 

• Editor’s Note: Because of the present limited supply of agar for bacteriological 
purposes this report is of particular timely interest. 
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standard plate methods (48 hours of incubation at 37° C.)* The milk 
samples included raw, pasteurized, homogenized, and chocolate milk. Both 
coffee and whipping cream were similarly checked. All types of ice cream 
were included in this study. The medium used in determining the standard 
plate count was the tryptone-glucose-extract-milk agar, while the same 
medium without adding skimmilk was used in the Frost little plate count. 


RESULTS AND DISCUSSION 

A. Milk and cream. In presenting his method, Frost suggested a vari- 
able incubation period depending upon the history of the sample, and that 
the little plates made from milk with a low count or recently pasteurized 
milk should be given a long incubation period while those made from milk in 
which the bacteria had been actively growing required only a short incuba¬ 
tion time. This is highly unsatisfactory from a routine standpoint since it 
depends too greatly upon the judgment of the technician. This study was 
made, employing tryptone-glucose-extract agar, to determine the actual 
hours of incubation required of the Frost little plate to yield a count com¬ 
parable with that obtained by the standard plate method. 

The results of three raw and three pasteurized milk samples with both 
high and low bacteria counts are presented in table 1; these are representa¬ 
tive of many samples examined. In each case, the four-hour period of 
incubation of the Frost little plates yielded similar counts to those obtained 
upon 48 hours of incubation in the standard plate procedure. The data 

TABLE 1 

A comparison of the bacteria covnis obtained in three raw and three pastevriscd milJc 
samples upon variarn hours of incubation of the Frost little plate 
with the standard plate count 



Baw milk 

Pasteurized milk 

Hours of 

1 


CO 

4 

5 

6 

incubation 
of Frost 

Standard plate count per cc. of milk 

little plates 

6,500 

20,000 

480,000 



40,000 


Frost little plate count per cc. of milk 

1 


2,500 

30,000 

50 

100 

500 

2 

3,000 


126,000 

200 

1,000 


3 



294,000 

500 


30,000 

4 


18»000 

400,000 

600 


42,000 

5 


20,000 

400,000 

600 


35,000 

6 

6,000 

20,000 

420,600 

500 


50,000 

7 

6,000 

18,000 

420,000 

700 

5,000 

40,000 

8 


18,000 

420,000 

700 


50,000 

9 



400,000 

600 


5o;ooo 

10 

7,000 

23,000 

420,000 

500 


40.000 

11 

7,000 

23,000 

. #20,000 

600 



12 


23,000 

400,000 

600 


42,000 

IS 



400,000 

600 


42;000 

24 

7,000 

20,000 

400,000 

600 

HBI 

38,000 































BACTERIOLOGICAL EXAMINATION OF MILK 


829 


further show that the little plates may be incubated for periods as long as 
24 hours without materially affecting the bacteria count. A four-hour 
period of incubation in a moist chamber of 37° C. appears to be suflScient 
incubation time for the Frost little plates in determining bacteria counts of 
milk and cream. 

The presence of chocolate particles may be confusing to the inexperienced 
technician in the examination of some chocolate milk. This can be largely 
corrected by making a 1 to 10 or 1 to 100 dilution of the chocolate milk before 
preparing the little plates. The count obtained must then be multiplied by 
this dilution to obtain the total number of living bacteria present. 

A series of 445 samples was (»heeked for bacteria count by both the Frost 
little plate and the standard plate method. The data are summarized in 
table 2. Owing to the number of samples involved, the actual count of each 
sample is not given, but the bacteria counts obtained are grouped in con¬ 
venient classes. In considering the classes selected it is obvious that a 
sample having a standard plate bacteria count of 9,000 and a count of 11,000 
on the Frost little plate would be placed into two different classes. Yet 
from a practical standpoint the two bacteria counts compare very favorably 
one with the other. The bacteria counts obtained by the two methods com¬ 
pared favorably. This is indicated by the majority of samples belonging to 
the same bacteria-count class of both methods. The remaining few having 
slightly higher or slightly lower counts. In no case was there a marked dif¬ 
ference in bacteria counts of a sample as determined by the Frost little plate 
and standard plate methods. In our opinion, the Frost little plate method 
will not replace the direct microscopic count in tlie examination of raw pro¬ 
ducer milk samples, but its use will result in a significant saving of time and 
materials in the determination of the number of living bacteria present in 
pasteurized milk and cream. 

The bacteria counts of 10 samples of pasteurized milk, obtained by stan¬ 
dard plate. Frost little plate, and the direct microscopic methods, are pre¬ 
sented in table*3. Samples 1 to 5 inclusive yielded comparable low bacteria 
counts by all three methods, while samples 6 and 7 had high direct micro¬ 
scopic counts but low counts as determined by both cultural methods. 
Thermoduric bacteria were present in large numbers in samples 8 to 10 inclu¬ 
sive, as demonstrated by the close agreement of bacteria counts obtained by 
all three methods. Since both the living and dead bacteria may be stained 
and counted in the direct microscopic count of milk, this examination cannot 
be relied upon to give an accurate indication of the numbers of living bac¬ 
teria in pasteurized milk. To determine the living bacterial content of 
pasteurized milk or cream, one of the cultural methods must be used. A 
saving of time will result if the Frost little plate method, with its four-hour 
incubation period, is used instead of the 48 hour incubation in the standard 
plate procedure. 
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c. 



T = thousand, M = million. 
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TABLE 3 


A comparison of counts of pasteurized milky both with and without thermoduric haoteriaf 
obtained by the standard plate, Frost little plate, and direct microscopic methods 



Bacteria count per cc. of milk 

Standard plate 

Frost little plate 

Direct microscopic 
(clump count) 

Thermoduric bacteria absent 

1 

1,500 

850 

5,000 

2 

500 

425 

5,000 

3 

800 

560 

6,000 

4 


3,500 

5,000 

5 


3,500 

5,000 

6 



60,000 

7 

8,000 

• 12,000 

120,000 


Thermoduric bacteria present 


8 

55,000 

42,500 

40,000 

9 

90,000 

130,000 

140,000 

10 

110,000 

130,000 

120,000 


B. Ice cream. A comparison was made of the standard plate count of 
ice cream with the bacteria counts obtained upon varying periods of incuba¬ 
tion of the Frost little plate. The results of six samples are presented in 
table 4 and indicate that an eight-hour minimum period of incubation of the 
Frost little plate yielded results that were essentially the same as the stan¬ 
dard plate count. All Frost little plates were incubated eight hours for 
subsequent bacteria counts of ice cream. If not convenient to remove the 
little plates at eight hours, they may be incubated as long as 24 hours with- 

TABLE 4 

A comparison of the standard plate count of six ice cream samples with the counts 
obtained upon various hours of incubation of the Frost little plate 


Hours of 

1 

2 

3 

4 

5 1 

6 

incubation 


Standard plate count per gram of ice cream 


of Frost 













little 

200 

350 

4,800 

350,000 

630,000 

10,000,000 

Xdates 

Frost little plate count per gram of icc cream 

4 

50 


300 

200,000 

400,000 

6,000,000 

5 

50 

250 

500 

200,000 

480,000 

8,000,000 

6 

50 


800 

300,000 

450,000 

8,000,000 

7 

50 

350 

1,800 

400,000 

600,000 

10,000,000 

8 

100 


4,000 

400,000 

760,000 

12,000,000 

9 

100 


4,000 

350,000 

700,000 

10,000,000 

10 

150 


5,000 

350,000 

700,000 

10,000,000 

11 

100 


4,000 

400,000 

650,000 

12,000,000 

12 

200 

450 

6,000 

400,000 

700,000 

10,000,000 

13 

200 


4,500 

400,000 

700,000 

10,000,000 

14 

100 


4,000 

400,000 

700,000 

10,000,000 

15 

150 

— 

6,000 

400,000 

700,000 ; 

; 12,000,000 

20 

150 

450 

6,000 

350,000 

800,000 1 

1 12,000,000 

24 

100 


4,000 

350,000 

700,000 1 

1 10,000,000 
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out affecting the results. The colonies vere of sufScient size after eight 
hours of incubation to be differentiated from strawberry seeds, nut frag¬ 
ments, and chocolate particles in these flavors of ice cream. The technician 
who is not familiar with the microscopic appearance of strawberry seeds, nut 
fragments and chocolate particles may experience some difficulty in differen¬ 
tiating between these particles and colonies. In case of doubt, the use of 
higher powered objectives will reveal individual bacteria along the edge of 
colonies. Ice creams containing particulate matter may be diluted 1 to 10 
or 1 to 100 before preparing the Frost little plates, thus reducing the amount 
of foreign material in the little plate. In those cases, the Frost little plate 
count must be multiplied by the dilution made in order to obtain the total 
number of viable bacteria present. , 

One hundred and sixty-five samples of commercially prepared ice cream 
were checked for bacteria count by the Frost little plate and standard plate 
methods. A summary of the counts obtained is presented in table 5. A 
study of these data indicates that the counts obtained by the two metliods 
compare very favorably. The Frost little plate may be substituted for the 
standard plate method for determining the living bacteria count of ice 
cream. Again, as in the case of milk, the saving of time in obtaining the 
little plate count is of decided practical importance to both ice cream manu¬ 
facturers and health officials. 

FROST LITTliE PLATE METHOD FOR MAKING A MICROSCOPIC COLONY COUNT 
OF MILK, CREAM, AND ICE CREAM 

1. Place a test tube rack, containing enough sterile tubes for the number 
of samples to be tested, into a water bath at 45 to 50° C. 

2. Place 0.5 cc. of milk into a test tube in the water bath. 

(a) In the examination of ice cream, weigh 0.5 gram into the 
sterile tubes in step 1 prior to placing the tubes into the water bath. 
Keep the tubes in a pan of ice water or a refrigerator while weighing 
the remaining samples. 

(b) When examining chocolate milk or strawberry, nut and choco¬ 
late ice cream, make a 1 to 10 or 1 to 100 dilution before proceeding 
with step 2, thus reducing the number of particles in the preparation. 
The final count must be multiplied by this dilution when made. 

(c) Do not allow more than 15 minutes between step 2 and com¬ 
pleting step 4 

3. Add 0.5 ee. of sterile tryptone-glucose-extract agar, cooled to 50° C., 
into each tube in the water bath, and mix by shaking. 

4. Using a sterile pipette plsce^O.1 ec. of the agar milk mixture onto a 
BtorilhBBd microscopic slide (steriKz^ in the naked flame) and spread evenly 
over an area of four square centimeters with the tip of the pipette. (Two 

li^ee such films can be put on the ordinal^ microscope slide.) 



TABLE 5 

A companson of thi standaid plate count with the Fiost Utile platt count of 16 > ice cream samples 
I Fiost little plate count per gram of ice cream 
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6. The little plate is allowed to harden and then placed into a moist cham¬ 
ber at 37° C. for a minimum of four hours of incubation for mUk and cream, 
or a minimum of eight hours of incubation for ice cream. (A moist chamber 
can be made out of any container with a tight-fitting cover by filling the con¬ 
tainer approximately | full of water. A wire platform must be built above 
the level of the water to hold the slides during incubation. The proper tem¬ 
perature of bath is maintained by leaving the moist chamber in the 37° C. 
incubator at all times.) 

6. After incubation the plates are dried at a temperature slightly under 
100° C. (Agar should not melt; plates should be dried rather slowly to 
prevent cracking the medium.) 

7. Stain with a methylene blue solution. (To prepare add 10 cc. of a 
saturated alcoholic solution to 90 cc. of water.) This should stain the colo¬ 
nies deeply and leave a faint blue background. 

8. Wash slides to remove excess stain being careful not to wash the film 
off the slides (best results are obtained by allowing the water to hit the re¬ 
verse side of slide—enough water will flow over the preparation to remove 
the excess stain). Dry preparations. 

9. Examination: Use lower power (if few colonies), high dry power or 
oil immersion (if many colonies) to determine the average number of colonies 
per field (Count 50 fields when few colonies are present, and 10 fields when 
many colonies are present.) and note bacteria count by referring to the 
table: 

TABLE 6 

Fbobt Little Plate Counts 

{This table can be used with all miscroscopes having a factor of $00,000 in the direct 
microscopic counting of bacteria in milh) 



Colonies in 
fields 

Bacteria 
per cc. 


Colonies in 
fields 

Bacteria 
per cc. 


Colonies in 
fields 

Bacteria 
per cc. 


1. 

60= 60 



.1 

2 . 



1 . 

25= 100 

1 

1. 


t 

3 . 



1 

12.5= 200 

2 . 


§ 

4 . 

1= 960,000 


1. 

... 5= 600 


3 . 


s 

5 . 

1 = 1,200,000 

S 

1 . 


§ 

4 . 


p 

6 . 

1 = 1,440,000 


3 . 

... 1= 2,500 

w 

5 ... 


o 

7 . .. 

1 = 1,680,000 


2 . 

... 1= 5,000 

5? 

6 .. 


£ 

V 

8 

1 = 1,920,000 


4 .. 

1 = 10.000 

M 


HI 

B 

9 . 

1 = 2,360,000 

1 = 2,400,000 

1 = 3,600,000 

1 = 4,800,000 

1 

6. I=rl6;000 

8. Isr20,000 

10 ... 1 = 26,000 

1 

8. 

9 .. 

10 .. 

1 
•’3 i 
® 1 

10 ..- . 

15 . 

20 . 


SUMMARY 

The incubation of ^ost little plates at 37° C. in a moist chamber for four 
hours yielded bacteria colony conif ts of milk and cream comparable to the 
standard plate count. The chocolate particles of some chocolate milk may 
omfuse the technician unless a 1 to 10 or 1 to 100 dilution is made before 
i preparing the little plate. 
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Comparable counts were obtained upon examination of ice cream by the 
standard plate and Frost little plate methods when the little plates were 
incubated for a minimum period of eight hours at 37° C. in a moist chamber. 
Ice cream containing seeds, nuts, or chocolate particles may be diluted as in 
the case of chocolate milk before preparing the little plates. 
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STUDIES ON KETOSIS IN DAIRY CATTLE. I. EFFECT OF STALL 

AND PASTURE FEEDING UPON THE CONCENTRATION 
OP BLOOD AND URINARY ACETONE BODIES 
OP DAIRY CATTLE' 

C. B. KNODT,s J. C. SHAW, and G. C. WHITE 
Departmrnt of Dairy Indmtry, Storrs Agricultural Experiment Station, 

Storra, Connecticut 

The problem of ketosis is becoming of as great concern to dairymen as it 
has been to professional workers during recent years. The fact that the 
incidence of ketosis is greatest in late winter and early spring and that it 
usually o(!curs shortly after parturition when there is an increased demand 
upon the body for nutrients for milk production has led many to believe that 
the causative factor or factors are nutritional. Others believe that the con¬ 
dition is pathological. This view receives support from the fact that it has 
been observed to be present in toxic conditions such as metritis, pleuritis, and 
hemorrhagic septicemia. While some of the aspects of the physiology of 
ketosis in cattle have been studied and several possible causative factors have 
been suggested, the actual predisposing factors which bring about ‘‘spon¬ 
taneous” ketosis in cattle are not known. 

Ill a review of the available literature, a total of 126 analyses for total 
blood acetone bodies of apparently normal cattle (3, 6, 7, 10, 16, 17, 19, 20) 
averaged 2.99 mg. per cent acetone (min. 0.69 and max. 5.54), while 58 blood 
acetone body analyses of cows diagnosed as having ketosis (3, 7, 8, 9, 11,14, 
16,17, 18,19, 20) averaged 33.61 mg. per cent acetone (min, 2.40 and max. 
89.30). Eighty-six analyses (3,4,5,7,10,16,17,19,20) for urinary acetone 
bodies of apparently normal cows averaged 10.00 mg. per cent acetone (min. 
2.50 and max. 70.00) and 53 analyses for urinary acetone bodies of cows 
diagnosed as having ketosis (3, 4, 7> 8, 9, 14,15,16,17, 18, 19, 20, 22) aver¬ 
aged 253.77 mg. per cent acetone (min. 10.00 and max. 1568.00). 

Various studies have been carried out in recent years pertaining to the 
blood and urinary acetone bodies in several species because of the importance 
of these substances in both normal and abnormal metabolism. 

The literature in reference to ketosis in ruminants has been reviewed by 

Beeeived for publication April 24, 1042. 

1 This project is financed in part by a grant from the Ohas. M. Cox Co. 

2 The experimental data in this paper are taken from a thesis presented by C. B. 
Knodt in partial fulfillment of the requirements for the degree of Master of Science in 
Dairy Industry, University of Connecticut, Storrs Agricultural Experiment Station. 
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Sampson and Hayden (18); Duncan, Huffman, and Tobin (7); Sampson 
and Boley (14) and others. For a review of the literature relating to the 
underlying mechanisms involved in the production of ketone bodies see 
Soskin and Levine (21). 

It appeared that studies relative to the normal variations in the concen¬ 
tration of blood and urinary acetone bodies and their component fractions 
would give us some insight into the normal metabolism of ketone bodies in 
dairy cattle as well as some of the factors involved in the development of 
ketosis. Accordingly a rather comprehensive study was made of the normal 
variations in blood and urinary acetone bodies in the University dairy herd 
under the customary feeding regime. 

EXPERIMENTAL 

In the following experiments all blood samples were obtained from the 
jugular vein and potassium oxalate was used as the anticoagulant. The 
urine samples were obtained by massage of the vagina and w^ere used only 
when a large amount of urine was excreted. All animals were apparently 
normal in every respect and care was taken to avoid excitation. The deter¬ 
minations were made immediately after the samples were obtained to mini¬ 
mize chemical changes which occur on standing. Blood and urinary acetone 
bodies were determined by the method of Barnes and Wick (1) and are 
expressed as mg. per cent acetone, p-hydroxybutyric acid w^as calculated 
by difference after determining the total acetone bodies and the fraction con¬ 
sisting of acetone and acetoacetic acid. Urine samples were diluted (1:1) 
with w^ater before analyses to bring the concentration of acetone bodies 
closer to that of the blood acetone bodies and a corresponding correction was 
made in the calculation of the concentration of urinary acetone bodies. 

Early in the course of our w^ork considerable variation was observed in 
the concentration of the blood and urinary acetone bodies when consecutive 
samples were taken at short intervals during the day. As any considerable 
variation during the day in the level of the acetone bodies would be difScult 
to evaluate, an attempt w^as made to determine when the variations were 
greatest. The total blood and urinary acetone bodies were determined on 
samples drawn from two cows at intervals of two hours over a period of 
eight hours. In another experiment samples were drawn at two-hour inter¬ 
vals over a period of 24 hours and the fractions, acetone and acetoacetic acid, 
and 3-hydroxybutyric acid were determined in addition to the total acetone 
bodies. In each of the three eases urine was drawn at 2 : 00 a.m. and dis¬ 
carded so that the samples drawn at 4 : 00 a.m. represented a two-hour excre¬ 
tion of urine. These cows received concentrates at 6; 00 a.m., 2 : 00 p.m., and 
10:00 P.M. Hay was fed daily at 10:30 p.m. and grass silage was fed twice 
daily at 8: 15 a.m. and 2: 30 p.m. The t4sults are shown in table 1. Cows 
1 and 2 showed an increase in total blood and urinary acetone bodies/which 
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TABLE 1 


Variations in blood and urinary acetone bodies in mature cows at two-hour intervals 

(as mg. per cent acetone) 


Cow no. 

1 

Time of day 

Total blood acetone 
bodies 

Total urinary acetone 
bodies 

1 

4: 

00 A.M. 


3.40 



13.72 



6: 

00 A.M. 


3.13 



9.37 



8: 

00 A.M. 


4.21 



12.61 



10: 

00 A.M. 


5.02 

1 


19.97 



12: 

00 M. 


5.63 


1 

20.80 


2 

i 4: 

00 A.M. 


1.69 



6.11 


6: 

00 A.M. 


1.34 



5.93 


1 8: 

00 A.M. 


2.66 



6.37 


10: 

00 A.M. 


3.27 



8.00 



12: 

00 M. 


3.65 



8.92 





Total acetone 
bodies 

Acetone and 
acetoacetic 
acid 

p'hydroxybutyric 

acid 

i . . _ 




Blood 

! 

Urine 

Blood 1 

Urine j 

Blood 

Urine 

3 

2: 

00 A.M. 

2.18 


0.36 


1.82 



4: 

00 A.M. 

2.46 

17.74 

0.61 

6.14 

1.85 

11.60 


6: 

00 A.M. 

2.1,0 

15.66 

0.18 

5.28 

2.01 

10.38 


8: 

00 A.M. 

2.2i5 

16.52 

1 0,63 

4.96 

1.62 

11.56 

: 10: 

00 A.M. 

2.37 

15.08 

» 0.67 

5.10 

1.70 

9.98 

: 12: 

00 M. 

3.82 

17.50 

i 0.82 

4.80 

3.00 

12.70 

2: 

00 P.M. 

2.87 

10.80 

: 0.48 

, 3.32 

2.39 

7.48 

4: 

00 P.M. 

1.46 

11.90 

. 0.72 

2.62 

0.74 1 

9.28 

0: 

00 P.M. 

2.55 1 

17.54 

: 0.42 

5.66 i 

2.13 

11.88 


8: 

00 P.M. 

2.33 

18.00 

0.51 

6.84 

1.82 

11.16 


! 10: 

00 P.M. 

2.30 i 

11.48 

i 0.61 

5.04 

1.69 

6.44 


1 12: 

00 P.M. 

2.14 

12.32 

1 0.30 

4.28 i 

1.84 

8.04 


2; 

00 A.M. 

2.41 j 

16.10 

1 0.23 

4.68 

2.18 

11.42 


was especially marked at 10:00 a.m. and 12:00 m. In view of the data pre¬ 
sented in figure 3, to be discussed later, it appears that these marked in¬ 
creases were the result of the feeding of grass silage at 8:15 a.m. The 
smaller increases at 8:00 a.m. can logically be attributed to the feeding of 
concentrates at 6:00 a.m. on the basis of the same data. In the more de¬ 
tailed analyses in table 1 (Cow 3) the total blood and urinary acetone bodies 
were again high following the feeding of silage in the morning and were also 
high following the feeding of silage in the afternoon, although the effect was 
not as marked as in the other two cases. It will be observed that the larger 
variations in both blood and urinary total acetone bodies were usually due 
to variations in g-hydroxybutyric acid, the acetone and acetoacetic acid 
fraction usually accounting for only a small portion of the total change. 
Because of these observations all future samples were taken at 7:00 a.m. in 
an attempt to avoid the larger fluctuations which appeared to occur later in 
the day. 

One series of studies included 16 purebred cows composed of six Hol- 
steins, five Guernseys, three Ayrshires, and two Jerseys which were used for 
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the study of monthly variations in the concentration of total blood and uri¬ 
nary acetone bodies, acetone and acetoacetie acid, and p-hydroxybutyric 
acid. Five of these cows were dropped from the group during the 12-month 
period. Two were eliminated because of a tendency to become greatly ex¬ 
cited during the drawing of the samples; one was sold from the herd; one 
calved prematurely and another was dropped from the group because of a 
severe edematous condition of the rear appendages prior to parturition. 

The experimental period was begun on June 1, 1940, and samples were 
taken at monthly intervals to June 1,1941. 

All cows were on pasture daily from May 11, 1940, to October 12, 1940, 
and from May 2,1941, to the completion of this work on June 1,1941. 

Three different commercial concentrate mixtures were fed but no vari¬ 
ations in blood and urinary acetone bodies occurred which could be at¬ 
tributed to any of the three concentrate mixtures. These concentrate 
mixtures contained a large variety of grains and not less than 14 per cent 
crude protein. 

Grass silage prepared by the addition of 80 pounds of molasses per ton 
of mixed grasses was the only silage fed. The cows received between 35 and 
45 pounds of grass silage daily during the winter months, depending upon 
the weight of the animal. This amount was decreased by two-thirds when 
the cows went on early spring pasture and was gradually increased as sum¬ 
mer progressed. . Approximately the same amount of a fair quality of mixed 
grass hay, composed primarily of blue grass, was fed throughout the year. 

The averages of the monthly analyses which were determined in a study 
of the normal variations in the concentration of blood and urinary acetone 
bodies are presented in figure 1. The initial samples were obtained in the 
month of June, 1940, after the cows had been on spring pasture for five to 
seven weeks. Both the blood and urinary acetone bodies were quite low at 
this time. There was an increase in the concentration of urinary acetone 
bodies and the component fractions, especially ^-hydroxybutyric acid, as 
summer advanced. The concentration of blood acetone bodies was more 
variable, but a higher concentration of total blood acetone bodies was found 
during the months of September and October as compared to the month of 
June, 1940. A marked decrease in the concentration of blood and urinary 
acetone bodies and the component fractions was observed in November, 1940. 
A continual increase was observed in the concentration of blood and urinary 
acetone bodies banning with the month of December, 1940, and continuing 
tiurough March, 1941. Throughout the entire period of 12 months the in¬ 
creases and decreases in the total acetone bodies of blood and urine were 
accounted for primarily by changes in the concentration of 3*hydroxybu1yric 
acid. During the stall feeding period the rise in the fraction consisting of 
acetone and acetoacetie acid was als^ very marked in both blood and urine, 
although the increase was not as great as the increase in 3-bydroxybutyric 
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acid. A large decrease occurred in May, 1941, in the concentration of total 
blood and urinary acetone bodies and of the component fractions two to 
three weeks after the cows had been on pasture. 

The concentration of total blood and urinary acetone bodies of the cows 
decreased quite rapidly after the first day of pasture feeding as shown in 
table 2, with the former decreasing somewhat more rapidly on a percentage 



Fio. 1. Blood and urinary acetone bodies of mature cows on stall and pasture feed¬ 
ing. (Monthly analysis of 11 mature cows.) 

basis than the latter. At the time the cows were placed on pasture the hay 
and grain feeding was continued at approximately the same level but the 
amount of grass silage fed was decreased by about two-thirds. It is of inter¬ 
est to note that the maximum decrease in acetone and acetoacetic acid in both 
blood and urine occurred after only one day of grass feeding. The blood 
and urinary P-hydroxybutyric acid on the other hand declined more gradu¬ 
ally over a longer period of time, the decrease in total blood and urinary 
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acetone bodies after the first day of pasture feeding being due almost 
entirely to a decrease in p-hydroxybutyric acid. 

Figure 2 presents the analyses for blood and urinary acetone bodies of a 
six-year-old Jersey bull at monthly intervals for a one-year period. In stall 
feeding the bull received a grain ration similar to that received by the herd 
cows in addition to approximately 10 pounds of grass silage per day and a 



Fio. 2. Blood and urinary acetone bodies of a mature bull on stall and pasture 
feeding. 

fair quality of mixed grass hay. The bull was on pasture daily in the first 
summer to October 12, 1940, and after April 26, 1941, to the end of the 
experimental period. The lowest concentrations of blood and urinary ace¬ 
tone bodies and component fractions were observed during spring and early 
summer pasture and the highest copcentrations were found in the April, 
1941, analyses after six months o^ stall feeding. These observations are 
quite similar to those made on the cows during this same period. 
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TABLE 2 

Blood and urmory acetone bodies of 6 mature dairy cows on pasture feeding following 

7 months of stall feeding 


Acetone bodicH (expressed as mg. per cent acetone) 


Bate 

of analysis 

Acetone and 
ncetoacotic acid 

Total 

acptone bodios 

P liydroxybutyric 
acid 

Blood 

Urine 

Blood 

Urine 

Blood 

Urine 

5- 2-41 

0.98 

4.70 

2.71 

11.10 

1.73 

6.40 

5- 3-41 1 

0.32 

2.79 

1.98 

9.88 

1.66 

7.09 

5- 4-41 

' 0.48 

3.13 

1.59 

8.91 

1.11 

5.78 

5-10-41 

1 0.51 

3.10 

1.60 

7.92 

1.09 

4.82 

5-18-41 

o.4;i 

2.55 

1.28 

5.38 

0.85 

2.83 



Fig. 3. Effect of gi’ass silage feeding upon tlie blood acetone bodies of 3 mature 
cows. 

To ascertain the immediate effect of silage feeding upon the concentra¬ 
tion of blood acetone bodies, the experiment outlined below was conducted. 
Three cows which had not received any feed after 10:00 p.m. of the previous 
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evening were fed the following feeds between 5: 30 a.m. and 6:30 a.m. on the 
following morning: two cows received grain, beet pulp, fair quality mixed 
grass hay, and approximately 15 pounds of grass silage; one cow received the 
same ration with the exclusion of grass silage. No feed was received there¬ 
after by these animals for 12 hours and blood samples were drawn at three- 



Fig. 4. Blood and urinary acetone bodies of 4 heifers 16 to 20 months of age as of 
August 1, 1940. 

hour intervals beginning prior to the time of feeding and extending over a 
period of 12 hours. The variations in the concentration of blood acetone 
bodies over the 12-hour period are presented in figure 3. There was a rise in 
the acetone bodies of all three cows two hours after feeding followed by a 
rather marked decrease, approachmg the previous level, after a period of 
nine hours. The cows receiving grass eilage showed a much more marked 
increase in the blood acetone bodies, indicating that grass silage feeding 
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produced a much greater increase in the blood acetone bodies than grain and 
hay feeding alone. The effect of feeding in this experiment was more clear- 
cut than that shown in figure 1, probably because other feeds were not given 
during the day as in the previous experiment. 

Data are presented in figure 4 on four heifers ranging from 16 to 20 
months of age at the beginning of the experiment which extended essentially 



over the same period as that of the cows and the mature bull. These heifers 
were in pasture lots the year around and did not receive any additional feed 
during the summer months. Very little grass was available between October 
and April, however, and during this period the ration consisted entirely of 
a fair quality of mixed grass hay. The urinary values were extremely vari¬ 
able and presented no definite trend. The acetone bodies in the blood indi¬ 
cated a trend in which, surprisingly, the low values were observed during 
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the winter period on hay feeding while the high values occurred during the 
grass feeding period. As was observed in the mature cows and the aged bull, 
the marked variations in the urinary acetone bodies were due primarily to 
f3“hydroxybutyric acid. 

The scatter diagram of the total blood and urinary acetone bodies of this 
group of heifers is presented in figure 5. While the urinary acetone bodies 
were extremely variable, the total blood acetone bodies showed much less 
dispei*sion. 

DISCUSSION 

The variations observed in the blood and urinary acetone bodies of the 
mature cows and aged bull appear to be rather closely associated with pas¬ 
ture and silage feeding. It has been observed by Brouwer and Dijkstra (4) 
that when large quantities of silage of the butyric acid type were fed there 
were marked increases in the urinary acetone bodies. McAuliffe, Stone and 
Bechdel (13) reported an increase in volatile acids over a period of time in 
alfalfa silage prepared by the addition of molasses. Bender, Bosshardt, and 
Garrett (2) reported an increase in acetic acid, from 0.12 to 1.18 per cent, 
over a period of 35 days following ensilation. Most of this increase was 
observed during the first 10 days. The largest increase in the blood and 
urinary acetone bodies occurred in the cows and aged bull on stall feeding 
when the animals were receiving silage in Which similar fermentations had 
probably taken place. In the mature cows low values were observed in 
June of 1940 and May of 1941, as well as in November of 1940. These 
periods correspond to spring and early summer pasture feeding and the 
feeding of fresh silage made from third crop alfalfa hay respectively. 

The increases all occurred after the silage was at least several weeks old. 
This is of particular interest since it has been shown by MacKay, et al. (12) 
that the feeding of acetic acid to a phlorhizinized dog and fasting rats in¬ 
creased the acetone body production. The marked decrease in May 1941, 
which occurred after the cows were on grass was undoubtedly due in part 
to the decrease in the feeding of grass silage at this time. However, the fact 
that the acetone bodies continued to decrease over a IB-daj’’ period to such 
low values indicates that grass may have had an additional effect beyond 
that produced by the lowered level of silage feeding. 

That the increase in the acetone bodies of the cows during the stall feeding 
period was more closely associated with the feeding of grass silage than any 
other single factor is borne out by the data, in figures 4 and 5, on four heifers 
which had not received silage at any time during the year. The lowest 
values were observed on these heifers during the winter months when the 
ration consisted solely of fair quality hay. The principal difference between 
these two groups in the blood acetone ^bodies was the high concentration of 
P-hydroxybutyric acid in the cows during the period of aged grass silage 
feeding. It is, indeed, puzzling that the blood acetone bodies of the heifers 
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should have been so much lower on a ration of mixed grass hay than on 
pasture grass. The hay may have supplied less ketogenic material than the 
grass or the rumen flora may have been changed to such an extent that 
smaller quantities of acetone body precursors were formed in the rumen. 
This appears to be contrary to the data indicating that pasture grass pro¬ 
duced a decline in the acetone bodies of the mature cows below that to be 
expected from the decline in silage intake. 

As the level of acetone bodies in other species has been shown to be 
markedly affected by variations in energy intake this aspect must also be 
given consideration in any suggested explanation of the cause of the vari¬ 
ations observed in these experiments. However, the variations observed do 
not appear to be associated with the relative energy intake. The milking 
cows which were rather heavily fed exhibited much greater concentrations 
of acetone bodies than the heifers which were maintained at a rather low 
nutritive level on mixed grass hay. This is further borne out by the data 
on the bull which was fed at a higher nutritive level than the heifers. The 
fact that the blood acetone bodies of the heifers were higher when the ani¬ 
mals w^ere on grass than on hay also suggests that rumen digestion may play 
an important part in the production of acetone bodies in the bovine. 

The acetone and acetoacetic acid is relatively much more constant than 
the (3-hydroxybntyric acid. This may indicate that ketone bodies are 
formed either directly or indirectly as the result of digestion in the rumen 
in which 3-hydroxybutyric acid is the chief component. At least a part of 
the ketone bodies in the blood and urine of the bovine may be expected to 
have an endogenous origin and may account for the greater constancj^ of 
acetone and acetoacetic acid, assuming that ketone bodies, consisting pre¬ 
dominantly of 3-hydroxybulyric acid, are formed from ketogenic substances 
in the feed and/or ketogenic substances formed as the result of rumen 
digestion. 

Although the increase in the blood and urinary acetone bodies during the 
stall feeding period was undoubtedly due primarily to silage feeding, it can¬ 
not be concluded wdth certainty that other factors were not involved. The 
fact that there was a continued increase throughout the entire stall feeding 
period suggests that other factors may have been involved. The data on the 
two-year-old heifers and the mature bull, however, indicate that the in¬ 
creased ketonemia and ketonuria in the cow group may have been due 
entirely to the ketogenic effect of silage. 

The ketogenic effect of silage should not be misconstrued as indicating a 
relationship between grass silage feeding and clinical ketosis. In fact, it 
may well be that grass silage supplies nutritional substances needed for the 
prevention of clinical ketosis, as recent work (unpublished) indicates that 
pasture grass has a marked antiketogenic effect in cases of clinical ketosis. 
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SUMHABT 

A marked increase in the concentration of total blood and urinary ace¬ 
tone bodies and their component fractions of acetone and acetoacetic acid, 
and 3-hydro3ybutyric acid was observed daring the late winter and early 
spring months with animals receiving molasses-treated grass silage. The 
lowest concentrations of these substances were observed in these animals 
when they were on early spring and summer pastures and were receiving 
grain, hay, and only a relatively small quantity of silage. 

It is believed that the relatively high values obtained for the group as a 
whole during the winter feeding period were due primarily to grass silage 
feeding. Although acetone and acetoacetic acid, and 3-hydroxybatyric acid 
increased, the latter fraction was responsible for most of the rise. Since the 
feeding of fresh silage did not produce this effect, it appears that the in¬ 
crease in the acetone bodies on silage feeding was associated with the aging 
of the silage. In the light of the work of Bender et al. (2) and MacKay et al. 
(12) it is suggested that the increased production of the acetone bodies due 
to the feeding of aged molasses-treated grass silage is due primarily to the 
volatile acids in the silage. 

Frequent observations on the blood and urinary acetone bodies of six 
cows showed a sharp decline in these substances immediately after the ani¬ 
mals were placed on spring pasture. The blood and urinary acetone bodies 
bad decreased 52.8 per cent and 51.5 per cent respectively after 16 days of 
daily pasture feeding. The maximum decreases in acetone and actoacetic 
acid were observed following the first day of pasture feeding. Blood and 
urinary 3-hydroxybutyric acid, however, continued to decline throughout 
the 16-day period of observation. The sharp decline in acetone bodies after 
one day of pasture feeding was undoubtedly due primarily to the decreased 
silage feeding. The pasture grass feeding is believed to be partially respon¬ 
sible for the furthei^ continuous decline in the acetone bodies. 

The blood acetone body .levels of four heifers which were pasture fed 
during the summer months and received only mixed grass hay of a fair 
quality daring the winter months were much lower while on hay feeding 
tiian on pasture feeding. 

The blood acetone bodies increased following feeding, reaching a peak 
three hours after feeding, and then gradually decreased, returning to the 
pre-feeding level within nine hours. This effect was much more evident 
when aged grass silage was included in the ration. 
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STUDIES ON KETOSIS IN DAIRY CATTLE. II. BLOOD AND 
URINARY ACETONE BODIES OF DAIRY CATTLE IN 
RELATION TO PARTURITION, LACTATION, 
GESTATION, AND BREED^ 

C. B. KNOI>T,2 J. C. SHAW, and G. C. WHITE 
Department of Dairy Industry, Storrs Agricultural Experiment Station, 

Storrs, Connecticut 

A large percentage ol* the clinical cases of ketosis in dairy cattle occur 
during the first few Aveeks following parturition. This condition is associ¬ 
ated with loss of appetite, a decrease in body weight, and a marked decline 
in milk production. Sjollema (10) early observed that ketosis frequently 
occurs during the first week to 10 days following parturition. Boddie (2) 
reported that ketosis usually occurs during the first six weeks following par¬ 
turition and is frequently observed about tAVO weeks after parturition. Dun¬ 
can, Huffman, and Tobin (4) obser\’ed that the symptoms of ketosis Avere 
most marked tAvo to six Aveeks following parturition in a herd of purebred 
Jersey cattle Avith a high incidence of ketosis. 

Because of the large number of cases of ketosis observed shortly after 
parturition, emphasis Avas placed upon this particular period in the study 
of the normal level of the acetone bodies. Studies AA’ere also made of the 
effect of lactation, gestation, complete cessation of milking, and of breed 
upon the concentration of these substances in the blood and urine of dairy 

COAVS. 

EXPERIMENTAL 

During the course of this Avork the same precautions AAcre observed in 
obtaining and analyzing the samples as aawc folloAved in the previous Avork 
(5). The method of Barnes and Wick (1) aa’rs used in the analyses of the 
acetone bodies. 

Blood and urinary acetone bodies in relation to parturition and stage of 
lactation. In connection Avith the studies on the relationship of stall and 
pasture feeding to the level of blood and urinary acetone bodies (5), obser¬ 
vations Avere also made of the levels of blood and urinary acetone bodies 
prior to and folloAving parturition. 

The data on 11 cows over a one-year period were plotted at 30-day inter¬ 
vals according to stage of lactation as shown in figure 1. There was an up¬ 
ward trend in the total urinary acetone bodies for a period of approximately 

Beeeived for publication April 24,1942. 
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Dairy Industry, University of Connecticut, Storrs Agricultural Experiment Station. 

851 



852 0. B. SKODT, J. 0. SHAW AND 0. 0. WHITE 

90 days after parturition, followed by a gradual decline over the rest of the 
period. The total blood acetone bodies presented somewhat the same pic¬ 
ture, although the trend was not as marked. A critical study of the data 
indicated that most of the rise during the first few months following par¬ 
turition was due to the effect of grass silage feeding which results in a 
marked increase in blood and urinary acetone bodies (3). 

Daily observations were made upon five of these cows for a period of 
three days prior to and including the day of parturition and for four days 



Fie. 1. Blood and urinary acetone bodies as related to stage of lactation. (Montlily 
analyris of 11 mature cows.) 

following parturition. These data indicate a rather marked decrease in 
urinary acetone bodies during the four-day period following parturition. 
There also appeared to be a decline in blood acetone bodira, especially dur¬ 
ing the first two days following parturition. An analysis of variance of 
these data showed a highly significant (F = 22.05) decrease in total acetone 
bodies, and a significant (F = 14.34) decrease in urinary 3-hydroxybutyric 
acid, but the average decrease in urinary acetone and acetoacetic acid was 
not significant (P = 5.96). A sii|plar analysis was made on tiie blood ace¬ 
tone bodies and it was found that the aj^parent average decline the 

four-day period following parturition was not statistically significant, tiie 
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P values being as follows: total acetone bodies (P = 2 . 48)3 acetone and aceto- 
acetic acid (P = 0.64), and 3.hydroxybutyric acid (P = 1.18). 

Intensive studies upon the levels of blood and urinary acetone bodies of 
several cows prior to and following parturition showed large day-to-day 
variations. The results of such observations upon two cows are presented 
in figure 2. The day-to-day changes in blood and urinary acetone bodies are 
very large and while factors associated with parturition appear to affect the 
acetone bodies in certain cases an\^ trend may be obviated by these variations. 



Fig. 2. Total blood and urinarr acetone bodies of two mature cows prior to and 
following })arturition. 

The variations observed in the concentration of acetone bodies throughout 
the day at intervals of from two to four hours also showed large variations 
(5) although the magnitude of these changes was not quite as great as that 
observed prior to and follow’ing parturition. Although an attempt was made 
to continue the feeding of grass silage at the same level through the period 
of parturition, there were some variations in the consuinjition of silage dur¬ 
ing this period. While there may be a decrease over a relatively short 
period of time following parturition in some cases, it is deemed more signifi¬ 
cant that there is not a marked increase in blood and urinary acetone bodies 
during the period following parturition when the incidence of ketosis is 
greatest. 
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Blood and urinary acetone bodies during gestation. Blood and urinary 
analyses upon 10 cows at various stages of pregnancy are presented in 
figure 3. These data are quite irregular and indicate that factors other than 
pregnancy were affecting the concentration of blood and urinary acetone 
bodies. Undoubtedly some of the irregularity as well as. the particular lack 
of an apparent trend is due primarily to normal day-to-day variations and 
to changes in feeding conditions. 



Fio. 3. Blood and urinary acetone bodies during gestation. (Monthly analysis of 
10 mature cows.) 

Blood and urinary acetone bodies prior to and following the complete 
cessation of m/Sking. The utilization of 3-hydroxybutyric acid by the lao- 
tating mammary gland was demonstrated by Shaw and Knodt (8). On the 
basis of our calculations a cow producing 20 kilos of milk per day must 
mobilize approximatdy 237.0 grams of 3-hydroxybutyric acid per day for 
milk secretion. Because of this relatively large mobilization of acetone 
bodies for milk secretion purposed,« study was made to observe the effect 
of sudden cessation of milking upon the concentration of the acetone bodies 
in the blood and urine. 
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Five cows were studied for several hours prior to and following the com¬ 
plete cessation of milking. Normally these cows were milked at eight-hour 
intervals. It will be observed in figure 4 that there was no significant 
change in blood and urinary 3-h3'^droxybutyric acid attributable to other 
than normal daily and hourly variations. The failure to observe an increase 
in the blood and urinary acetone bodies following the complete cessation of 
milking may be due to two factors: 1) that the gland continues to use 
(3-hydroxybutyric acid for some time as in the case of glucose and amino 
acids (9), and 2) that there is an increased utilization of P-hydroxj’^butyric 
acid by the other tissues of the body. 



Fig. 4. Blood and urinary p-hydroxybutyric acid prior to and following the last 
milking. 

Blood and urinary acetone bodies as related to breed. In the study of 
clinical ketosis at this station most of the cases have occurred in Jersey and 
Guernsey herds. The fact that more fat must be mobilized per unit of 
volume of milk produced by the cows of the higher testing breeds than 
those of the lower testing breeds suggests that the level of acetone bodies 
may be affected by breed. Since the production of acetone bodies by the 
liver may be expected to be proportional to the amount of fat catabolized, 
the cows were divided into two groups for purposes of comparison, in which 
one group was composed of four Guernseys and one Jersey and the other 
group was composed of four Holsteins and two Ayrshires. The data in 
figure 5 do not indicate any significant difference between the two groups 
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daring the spring and summer months. During the winter months the ace¬ 
tone bodies of the higher testing breeds were higher than those of the lower 
testing breeds. It api>ears that the difference may have been due to a some¬ 
what higher level of grass silage feeding per unit of body weight to the 
higher testing group. The production of acetone bodies due to the feeding 



acetone body production that any differences due to breed were obviated. 

Comparison of Hood, mdk, and urinary acetone todies. Sampson and 
Boley (7) have reported the analyses of milk from six cows following re¬ 
covery from ketosis in which they were unable to detect the presence of ace¬ 
tone bodies by the method of Yan Sl^^ (6). Duncan, Huffinan, and Tobin 
(4) presented data on the concentratmn of acetone bodies in the milk of 
cows during recovery from ketosis. They were unable to detect acetone 
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bodies in the milk of several cows which appeared to have recovered from 
ketosis. Since we have shown that p-hydroxybutyric acid is used in substan¬ 
tial quantities by the mammary gland (8), the question arose as to whether 
all of the p-hydroxybutyric acid taken up by the gland is completely metabo¬ 
lized in the gland as in the case of blood glucose or whether some passes into 
the milk. 

Analyses of 16 samples of blood, milk, and urine taken simultaneously 
are presented in table 1. These samples were analyzed for total acetone 


TABLE 1 

Bloodf milk and urinary acetone bodies* of malure dairy cows (16 simultaneously 

drawn samples) 



Totnl acetone 
bodies 

Acetone and 
acetoacetic acid 

p-hydroxybutyric 

acid 

Blood 

3.14 ± 1.23i 

1.17 ± 0.63 

1.97 ± L25 

Milk 

1.80 It. 0.88 

1.00 ± 0.63 

0.80 ± 0.63 

Urine 

12.09 ± 6.09 

4.24 ± 2.95 

7.85 ± 3.87 


* Expressed as mg. per cent acetone, 
t Standard deviation. 


bodies and the component fractions of acetone and acetoacetic acid and of 
p-hydroxybutyric acid. Both p-hydroxybutyric acid and acetone and aceto¬ 
acetic acid were found in all the milk samples, although three samples con¬ 
tained only traces of the former. Although the level of P-hydroxybutyric 
acid was higher in the blood than that of acetone and acetoacetic acid, there 
was a lower concentration of this substance in the milk. This might be 
expected on the basis of previous work which indicated that p-hydroxy¬ 
butyric acid is taken up by the active gland while the fraction composed of 
acetone and acetoacetic acid is not used. The concentration of acetone bodies 
in these 16 samples of milk was as follows: 1.80 ± 0.88 mg. per cent total 
acetone bodies; 1.00 ±: 0.63 mg. per cent acetone and acetoacietic acid; and 
0.80 dt 0.63 mg, per cent P-hydroxybutyric acid. Although the concentra¬ 
tion of acetone bodies in milk was usually lower than that in blood, there 
were four cases where these were higher. There did not appear to be any 
correlation between the milk and blood acetone bodies within the normal 
range of these values. 

A comparison of blood and urinary acetone bodies of mature dairy cows. 
In the course of the various studies of the normal level of blood and urinary 
acetone bodies, extending over a period of 15 months, a total of 427 samples 
of blood and urine were collected simultaneously. 

The mean concentrations of the blood and urinary acetone bodies and the 
extreme ranges observed are presented in table 2. The average concentra¬ 
tions of total blood and urinary acetone bodies were 2.66 ±: 1.23 and 11.81 it 
6.56 mg. per cent acetone respectively, p-hydroxybutyric acid made up 
59.39 per cent of the total blood acetone bodies and 61.73 per cent of the total 
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TABLE 2 

Blood and urinary acetone bodies* of mature dairy cows (4S7 simultaneously drawn 

samples from 16 cows) 



Mean 

Standard 

deviation 

Min. 

Max. 

Total blood acetone bodies . 

2.66 

1.23 

0.31 

6.95 

Blood acetone and acetoacetic acid 

1.08 

0.66 

0.12 

5.62 

Blood 3'bydroxybutyric acid. 

1.58 


0.06 

5.52 

Total urinary acetone bodies .. .. 
Urinary acetone and acetoacetic 

11.81 

6.56 

0.61 

34.26 

acid . 

4.52 , 

2.85 

0.04 

19.78 

Urinary p-hydroxybutyric acid 

7.29 

4.78 

0.04 

23.82 


* Expressed as mg. per cent acetone. 


urinary acetone bodies. No evidence of clinical ketosis or of other abnor¬ 
malities were observed in these animals during the experimental period. 



Pio. 6. Comparison of blood and urinary acetone bodies, (x = two separate values 
falling on tbe same point.) 

The data presented in figures 6, 7, and 8 show a highly significant coefS- 
cient of correlation between the following blood and urinary substances: 
total acetone bodies (r = 0.5115), acetone and acetoacetic acid (r = 0.3315), 
and 3-hydroxybutyrio acid (r = 0.3750). It will be noted in figures 6, 7, 
and 8 that, although there was a significant correlation between the blood 
and urinary concentrations of these substances, there was a very large dis¬ 
persion about the regression line. 

There were highly significant coefficients of correlation between the 
total blood acetone bodies and the *<lpmponent fractions of acetone and 
acetoacetic acid (r = 0.5920), and 3-hydroxybutyric acid (r = 0.8377). Simi- 
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A 

Fig. 7. Comparison of blood and urinary acetone and acetoacetic acid, (x = two 
separate values falling on the same point.) 

larly there were siguificaut coefficients of correlation between the total 
urinary acetone bodies and the component fractions of acetone and aceto¬ 
acetic acid (r = 0.7037), and 3-hj^droxybntyrie acid (r = 0.9202). 



Fio. 8. Comparison of blood and urinary p-bydro.vbntyric acid. (x = two separate 
values falling on the same point.) 

CONCLUSIONS 

The data presented in this paper indicate that factors such as stage of 
lactation, parturition, gestation, and sudden cessation of do not 

ordinarily exert much influence upon the concentrations of blood and 
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urinary acetone bodies and their component fractions of acetone and aceto- 
acetic acid, and 3-bydroxybutyric acid. If any of these factors had any 
effect upon the blood and urinary acetone bodies during these experiments, 
they were apparently obviated by large day to day and monthly variations 
due primarily to feeding conditions. 

Acetone bodies were found in significant amounts in all of the milk 
samples analyzed but were usually lower in milk than in blood. 

The mean concentration of total acetone bodies in 427 blood and urine 
samples obtained from 16 cows over a period of 15 months was 2.66 zt 1.23 
and 11.81 db 6.66 mg. per cent acetone respectively. 

There was a highly significant correlation between the blood and urinary 
concentration of the following substances: total acetone bodies, acetone and 
acetoacetic acid, and P-hydroxybutyric acid. 

The average composition of blood acetone bodies was 59.39 per cent 
p-hydroxybutyric acid and 40.61 per cent acetone and acetoacetic acid when 
calculated as acetone. The average composition of the urinary acetone 
bodies was 61.72 per cent p-hydroxybutyric acid and 38.28 per cent acetone 
and acetoacetic acid when calculated as acetone. 
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STUDIES ON KETOSIS IN DAIRY CATTLE. III. BLOOD AND 
URINARY ACETONE BODIES AS RELATED TO AGE^ 

C. B. KN0DT,2 J. C. SHAW, and G. C. WHITE 
IJepartmeni of Dairy Industry, Storra Agricultural Experiment Station, 

Siorrs, Connecticut 

In the studies of the normal variations of blood and urinary acetone 
bodies in dairy cattle, experiments were conducted to observe some of the 
variations in the concentrations of these substances in relation to age. A 
number of investigators (2, 6, 7) have suggested that rumen digestion may 
play an important part in the production of the acetone bodies. If the 
rumen is involved in the production of the acetone bodies, it might be ex¬ 
pected that some differences would occur in the production of these sub¬ 
stances with the changes that take place in the development of the rumen. 

It also appeared that a relationship may exist between the concentration 
of the blood and urinary acetone bodies and the physiological processes 
related to production and reproduction. 

EXPERIMENTAL 

The following three age groups were studied: calves at birth, heifer 
calves from birth to 10 months of age, and heifers from 9 to 26 months of 
age. The same precautions were observed relative to the methods of obtain¬ 
ing samples and the analyses for acetone bodies as in previous work (4, 5). 
The method of Barnes and Wick (1) was used in the determination of the 
acetone bodies. 

Blood acetone bodies from birth to 10 months of age. The concentration 
of total blood acetone bodies and the component fractions acetone and aceto- 
acetic acid, and p-hydroxybutyric acid were determined upon eight calves at 
birth. Samples were also drawm from their dams at the same time for pur¬ 
poses of comparison. Table 1 reveals that the total blood acetone bodies 


TABLE 1 

Blood acetone bodies* of eight calves and their dams following parturition 



Calves 

Dams 

F (calves) 
vs. dams) 

Total blood acetone bodies. 

1.28±0.65t 

2.45 ±0.63 

21.92 

Blood acetone and acctoacetic acid 

0.71 + 0.54 

1.37 ± 1.04 

6.10 

p-hydroxybutyric acid 

0.57 + 0.82 

1.06 ± 0.77 1 

4.07 


* Expreased as mg. per cent acetone, 
t Standard deviation. 

Beceived for publication April 24, 1942. 

I This project is financed in part by a grant from the Chas. M. Cox Co. 

* The experimental data in this paper are taken from a thesis presented by C. B. 
Knodt in partial fulfillment of the requirements for the degree of Master of Science in 
Dairy Industry, University of Connecticut, Storrs Agricultural Experiment Station. 
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of these calves at birth were considerably lower than those of their dams 
and of the normal values for mature cows previously reported (4, 6)* An 
analysis of variance showed that this difference between calf and dam was 
highly significant. Because of the great variations in the composition of 
the total acetone bodies, there was not a highly significant difference between 
the calves and their dams in the concentrations of the two fractions. 

There was no apparent correlation between the acetone bodies of the 
calves and their dams. This indicates a certain degree of independency 
of the calf in the production or utilization of the acetone bodies. 



FiQ. 1. Blood and urinary acetone bodies of a calf. 

Blood and urinary acetone bodies and the component fractions, acetone 
and acetoacetic acid, and (3-hydroxybutyric acid of a Jersey heifer calf were 
determined every 12 hours from birth to one week of age. The calf was 
allowed to remain with its dam for three days following birth, after which 
it was weaned and fed three pounds of whole milk twice each day. Blood 
and urine samples were taken at 6:30 a.m. and 6:30 p.m. and milk was fed 
at 8:00 A.H. and 4:00 p.m. 

As indicated in figure 1, the blood and urinary acetone bodies were 
extremely low during the first seven days following birth. During this 
period most of the blood and urinaiy acetone bodies consisted of the acetone 
and acetoacetic acid fraction. During the first three days following birth 
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the values for blood and urinary acetone bodies were higher than the follow¬ 
ing four days. Although the morning samples were taken one and one-half 
hours before feeding and the evening samples two and one-half hours after 
feeding, there was no essential difference in the level of blood and urinary 
acetone bodies. This is of considerable interest since previous work (4) has 
shown a marked rise in blood acetone in mature cows following feeding. 

Blood acetone bodies were determined at short intervals on four calves 
from birth to 10 months of age, and urinary acetone bodies were determined 



Fig. 2. Blood and urinary acetone bodies of calves from birth to ten months of age. 
(Average of 4 calves.) 

on these calves from the third day after birth to 10 months of age. The 
results are shown graphically in figure 2. The blood acetone bodies were 
quite low for the first two months, after which there was a progressive 
increase extending over the entire period. The urinary acetone bodies were 
extremely low the first two weeks, being less than 2.0 mg. per cent. From 
the second week to the second month after birth the urinary acetone bodies 
increased about 400 per cent, and continued to increase with some fluctua¬ 
tions during the remainder of the period. It will be noted that the blood 
and urinary acetone bodies during the first few weeks were composed pri¬ 
marily of acetone and acetoacetic acid. After the third month the urinary 
P-hydroxybutyric acid fluctuated widely, whereas the acetone and aceto¬ 
acetic acid remained more nearly constant. The increase in total urinary 
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acetone bodies from the seventh to the tenth month was due entirely to 
3-hydroxybutyric acid. 

Blood and tirinary acetone bodies from 9 to 36 months of age. Blood and 
urinary acetone bodies of five heifers were studied over a 12-month period. 
At the beginning of the experiment the heifers ranged from nine to 13 
months of age. Three of the heifers were pasture fed during the summer 
and received hay and grain during the winter period. Two of the heifers 
were fed identically with the exception that they received no grain during 
the winter. 



Fio. 3. Blood and nrinaiy acetone bodies of 3 heifers 12 to 13 months of age as of 
June 1^ 1940. 

Since the feeding of grain appeared to have some effect upon the acetone 
bodies^ the heifers were divided into two groups. As shown in figures 3 
and 4, the blood acetone bodies of the three heifers receiving hay and grain 
during the winter period were markedly lower than those of the two heifers 
which received only hay during this period. As in the ease of the older 
heifers on the same pasture (4), the blood acetone bodies were more concen¬ 
trated while the heifers were on pasture than at any other period. This 
appeared to be in contradiction witii previous experiments upon mature cows 
<4) in which it was observed that there was a decrease in the blood acetone 
todies associated with pasture feeding. 







STUDIES ON KETOSIS IN DAIRY CATTLE 


865 


The total urinary acetone bodies were extremely variable in these two 
groups of heifers and most of the variations in the total urinary acetone 
bodies were due to 3*l^y<lroxybutyrie acid. 

Comparison of blood and urinary acetone bodies of various age groups of 
dairy cattle. For purposes of comparison the data presented in table 2 
show the relationship of age to the concentration of acetone bodies in blood 
and urine. Apparently the blood and urinary acetone bodies of the two 
youngest groups were considerably lower than for the older heifers and 



Fig. 4. Blood and urinary acetone bodies of 2 heifers 9 months of age as of June 
3, 1940. 

mature cows. The higher concentration of blood acetone bodies in the 
mature group as compared to the group 9 to 26 months of age may have 
been due to the effect of silage feeding to the former group. It would be 
expected that the urinary acetone bodies of the mature group would also 
be higher. This, however, was not true, as the urinary acetone bodies of the 
younger group were somewhat higher than those of the mature cows. The 
reason for this is not apparent. 

The gradual increase in the acetone bodies of the calf during the first 
few months after birth appears to parallel roughly the development of the 
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TABLE 2 

Compariaon of blood and urinary acetone bodies* of various age 
groups of dairy cattle 


Age group 
(months) 

No. of 
analyses 

Mean 

S.D. 

Min. 

Max. 


Total Blood Acetone Bodies 



Birth 

8 

1.28 

1 0.75 1 

1 0.31 1 

2.43 

Birth to 10 . 

65 

1.49 



3.86 

9-26. 

100 

2.04 

0.73 


3.81 

Mature 

427 

2.66 

1.23 

1 0.31 

6.95 


Blood Acetone and Aeetoacetic Acid 


Birth . .. 

8 

0.71 

0.17 


Birth to 10 .. .. 

65 


0.11 


9-26 . 

100 


0.45 


Mature 

427 

1.08 

0.66 

0.12 1 


Blood p-hydroxybutyric Acid 


Birth. 

8 

0.57 

0.84 

0.01 


Birth to 10 . 

65 

0.68 

0.59 

0.07 


9-26 . ... 

100 1 

1.06 

0.60 

0.17 


Mature . . . 

427 

1.58 

1.00 

0.06 



Total Urinary Acetone Bodies 


Birth . 

1 

1.17 




Birth to 10 

65 

6.42 

4.88 

0.60 

20.24 

9-26 .. . 

100 

14.30 

5.67 

3.60 

26.26 

Mature . . 

427 

11.81 

6.56 

0.61 

34.26 


Urinary Acetone and Acetoacetic Acid 


Birth. 

Birth to 10 . . 
9-26 

Mature 

1 

65 

100 

427 

0.93 1 

2.94 

5.31 

4.52 

1.97 

2.48 

2.85 

0.20 

0.34 

0.04 

5.40 

11.44 

19.78 


Urinary p-hydroxybutyric Acid 



Birth. 

1 ' 

0.24 




Birth to 10 

65 

8.48 

3.56 

o!o3 

16.12 

9-26 

100 

8.99 

4.55 

1.28 

20.02 

Mature . 

427 

7.29 

4.78 

0.04 

23.82 


* Expressed as mg. per cent acetone. 


rumen and indicates that the rummi may be responsible for the relatively 
lai^e concentration of acetone bodies in the blood and urine of the bovine. 
However, during this period there is a gradual decrease in blood glucose 
(3) which may be associated with the increase in the level of blood and 
urinary acetone bodies. The high glucose level following birth may in 
turn be closely associated with the high liver glycogen content at this time 
(8), BO that the apparent relationslup between blood glucose and blood 
acetone bodies may be due to som% extent to a more direct relationship 
between the liver glycogen and the blood acetone bodies. 
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CONCLUSIONS 

Blood acetone bodies of calves from birth to two months of age were lower 
than at any other time. Urinary acetone bodies were extremely low for the 
first two weeks following birth after which they increased at a rapid rate. 

Blood acetone bodies of the young calves were predominately acetone 
and acetoacetic acid, whereas 3-hydroxybutyric acid usually made up the 
larger percentage in the older animals. 

Heifers receiving pasture grass alone exhibited higher concentrations of 
blood acetone bodies than when receiving hay and grain. When hay alone 
was fed the blood acetone bodies were somewhat higher than when hay and 
grain were fed and somewhat lower than on pasture grass alone. 

The concentration of acetone and acetoacetic acid in the urine was less 
variable than 3*hydroxybutyric acid, the latter being largely responsible for 
the fluctuations in the total urinary acetone bodies, 
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INFLUENCE OP pH, TYPE OP PAT, AND PANCREATIC EXTRACT 
UPON LTPOLYSIS IN HOMOGENIZED MILK* 

I. A. GOULD 

Department of Dairying, Mtehigan State College, Eaet Lansing, Midhigan 

In a previous paper (2) results were presented on studies of lipolysis 
in homogenized milk and cream, which indicated that lipase activity in 
homogenized milk was not always affected to the same extent, if at all, by 
those factors which influence the enzymic action in unprocessed raw milk. 
The results presented herein constitute a continuation of these studies. 

The influence of pH on lipase action in homogenized milk has been 
studied only to a limited extent although Dorner and Widmer (1) observed 
that acidifying homogenized raw milk with HCl retarded or even completely 
prevented rancidity development. However, in studies on non-homogenized 
milk, Mattick and Kay (4) found fat hydrolysis to be greatest at pH 8.2-8.7 
and Koahen and Sommer (7) secured a somewhat similar optimum range of 
pH 8.4-8.6. 

The non-specificity of milk lipase has been indicated by many workers 
in that certain specific fat acid esters have been utilized as the substrate for 
lipase action. Rogers, Berg and Davis (8) early used ethyl butyrate as a 
base for lipase action and more I'ecently Mattick and Kay developed a 
method for measuring activity of the fat splitting enzyme in milk by its 
ability to hydrolyze tributyrin. Tarassuk and l^almer (9) indicate that 
milk lipase will hydrolyze the esters of lauric, myristic and palmitic acids. 
Later, Palmer and Hankiiison (6) dispersed diglycol laurate, diglycol oleate, 
ethyl myristate and butyl stearate in raw skim milk by shaking, and secured 
hydrolysis in every case. 

Hydrolysis of butterfat may be produced by enzymes from other sources 
than milk. Palmer (5) used a glycerine extract of pigs pancreas and later 
commercial steapsin to produce lipolysis. Tarassuk and Richardson (10) 
produced lipolysis in pasteurized cream wdth steapsin. 

EXPERIMENTAL PROCEDURE 

Conditions of processing were, in general, identical with those reported 
previously (2). Adjustments of pH were made with solutions of HCl and 
NaOH and determinations were by a Beckman pH meter and an E-type glass 
electrode. 

Titrations for free fatty acids were conducted as before with the excep¬ 
tion that a 10-gram sample and 0.05 N NaOH were used. One-half the 

Beceived for publication April 27,1942. 

* Jour. Article No. 5S6, n.8., Michigan Agricultural Experiment Station. 
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values secured in this determination represent the acid degrees of the fat, 
i,€,, the milliliters of N NaOH per 100 grams fat. 

In all cases where the acidity of the fat was determined, homogenization 
was at 500-700 pounds. In other trials, where acidity changes in the fat- 
skim milk emulsion were measured by titration, homogenization was at 2,500 
pounds. 

EXPERIMENTAL RESULTS 

Influence of pH, Two series of trials were conducted with the view of 
ascertaining the influence of pH upon lipolysis. In the first series, purifled 
butter oil was homogenized into rennet whey at 500-700 pounds pressure to 
secure a product containing approximately five per cent fat. Following 
homogenization, the mixture was divided into five lots which were treated as 
follows: Lot 1—control, pH approximately 6.5; Lot 2—adjusted to pH 4; 



Flo. 1. Influence of pH upon lipolysis in a rennet whey>butter fat mixture. 

Lot 3—adjusted to pH 5; Lot 4—adjusted to pH 8; Lot 5—adjusted to pH 9. 
After adjusting the samples to the desired pH, a portion of each was immedi¬ 
ately pasteurized and fat secured for titration. The remainder was stored 
for 72 hours at 35-40° F. and the fat then analyzed to determine the extent 
of lipolysis. 

In the second series, the same conditions prevailed with the exception 
that the pH was adjusted to 8, 8.5,9.0, 9.5, and 10. 

The results secured are shown by figure 1, in which the values are 
expressed on the basis of increases in acid degree over the 72-hour period. 
The maximum rate of lipolysis is v^thin the range of pH 8 to pH 9. In 
Series 1, the r^ults i^ow no appreciable lipolysis at pH 4 and pH 5, and the 
results in Series 2 indicates great retardation of fat hydrolysis at pH 10. 
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The fact that lipolysis is practically prevented when the reaction is at 
pH 4 or pH 5 raises the question as to the permanency of this inhibition. 
To study this particular question, an experiment was conducted in which the 
pH of the fat-whey emulsion was adjusted to near the point of optimum 
lipase activity, i.e., pH 8-8.5, after it had been at first subjected to pH 4. 
Then a determination was made to ascertain if any appreciable lipolytic 
activity persisted. 

In the first series of trials in this connection, the casein was precipitated 
from raw skim milk with HCl by adjusting the reaction to approximately 
pH 4. The acid whey was then secured by filtration and was homogenized 
with butter oil to give a jiroduet containing about five per cent fat. This 
emulsion was then divided as follows into two lots: Lot 1—Acidity as secured 
from acid precipitation of casein, reaction approximately pH 4; Lot 2—^Re¬ 
action adjusted to pH 8.5 with NaOH. Fat from a portion of each lot was 
analyzed at 0 and 72 hours. At the end of the 72-hour period, a portion of 
the lot held at pH 4 was then adjusted to pH 8.5 and held an additional 
72 hours. Pat samples were secured immediately after making the change 
in reaction and also after 72 hours. The results of three trials are presented 
in table 1. 

TABLE 1 


The influence of low pH and suhaeguent readjustment to high pH upon the lipolytic 
activity of add and rennet whey 


Series 1—acid whey 

Trial 

1 

2 

3 

(1) pH 4-4.4,* 0 hours . , 

(2) pH 4-4.4, 72 hours 

(3) pH 8.5, 0 hours 

(4) pH 8.5, 72 hours 

(5) Sample (2), adjusted to pH 8.5, 0 hours 

(6) Sample (5) after 72 hours 

add degree 
0.70 

0.70 

0.45 

0.50 

0.50 

0.40 

add degree 
0.55 

0.60 

0.25 

0.25 

0.75 

0.30 

add degree 
0.75 

0.90 

0.45 

0.75 

0.55 

1.30 


Trial It 

Trial 2t 

Series 2—rennet whey 

0 hours 

72 hours 

0 hours 

72 hours 

Control—normal pH 

Acid exposure—0 time . 

Acid exposure—1 hour . . 
Acid exposure—18 hours . 

acid degree 
1.49 

0.55 

0.55 

0.67 

add degree 
2.56 

0.64 

0.73 

0.68 

acid degree 
1.35 

0.60 i 

0.43 

0.44 

add degree 
3.88 

1.84 

0.72 

0.57 


* Trials 1 and 2 were adjusted to pH 4, Trial 3 to pH 4.4. 
t Trial 1 was adjusted to pH 3.7; Trial 2 to pH 4.13. 


In the second series of trials, rennet whey was utilized instead of whey 
secured from acid precipitation of the casein. In this experiment, the whey 
was homogenized with butter oil to give a product containing approximately 
five per cent fat. Immediately after homogenization, a control sample was 
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secured. Fat from this sample was titrated for free fatty acids at once and 
again after 72 hours of storage. The remainder of the mixture was acidified 
to about pH 4 (pH 3.7 in one trial, pH 4.13 in another), and then divided 
into three lots. One lot was immediately adjusted to pH 8; another was 
held for one hour in the acidified medium and then adjusted to pH 8 ; the 
third was held about 18 hours in the acidified condition before it was adjusted 
to pH 8. In each case, one sample was secured for fat analysis immediately 
after adjusting to the alkaline range, and another after the mixture had been 
maintained for 72 hours in the alkaline condition. The results of this ex¬ 
periment are also presented in table 1. 

These results, in general, indicate that acid treatment adversely and per¬ 
manently affects the lipolytic activity of whey, at least under the conditions 
of this experiment. The acidified samples failed to respond to a marked 
degree with the alkali treatments, even though exposed to the acid treatment 
for only a few minutes. However, in those trials in which the reaction was 
maintained at a somewhat higher pH (Trial 3—Series 1, Tidal 2—Series 2), 
the sample exhibited slight hydrolytic ability. 

Type of fat. In another series of trials, a large number of different fats 
and oils were homogenized into raw and pasteurized skim milk to determine 
(a) the ability of milk lipase to produce fat bydro] 3 ^is in other than milk 
fat, and (b) the ^sTie of flavor produced. The results of two typical trials 
are presented in table 2. 

TABLE 2 


lApolysis in various types of oils and fats when homogenized in raw skim milk 


Type of sample 

Increase in milliliters of 
O.OSNNaOH for 18 gram 
sample during 96 hours 

Flavor 


Trial 1 

Trial 2 

Avg. 


Control (skim milk) . 

Cottonseed oil (2%). 

0.10 

1.60 

-0.10 

1.10 

0.0 

1.35 

Normal 

Cottonseed oil (4%). ! 

Cottonseed oil (6%) . 

1.80 

2.50 

1.30 

1.70 

1.55 

2.10 

Bitter, oily 

Control (skim milk) . 

0.05 

-0.10 

-0.03 

Normal 

Castor oil (4%) . 

1.90 

1.90 

1.90 

Bitter, oily 

Coeonut oil (4%) . 

8.00 

1.90 

2.45 

Bitter, soapy, rancid-like 

Corn oil (4%) . 

1.10 

1.40 

1.25 

Bitter 

Linseed oil (4%) . 

1.05 

1.00 

1.03 

Bitter, oily 

Bitter, oily 

Olive oU (4%) . 

1.35 

1.20 

1.28 

Control (skim milk) . 

0.0 

-0.05 

+ 0.03 

Normal 

^Margarine (4%) . 

1.3 

1.00 

1.15 

Slight bitter 

♦Hydrogenated eooking fat (4%) 

1.6 

1.15 

1.38 

Slight bitter 

♦Lard (4%) . 

1.2 

1.10 

1.15 

Slight bitter 


* Melted at 100^ F. before emulsifying in skim milk. 


The results show appreciable fat sgission to have occurred in each case 
when the fat was homogenized in rate i^im milk whereas no such change was 
indicated in the pasteurized sample. Increases in the titer of 18-gram raw 
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samples containing fat varied from 1.0 to 3.0 nil. of NaOH for the different 
oils and fats studied. 

All raw samples, with the exception of the control, developed a bitter 
flavor upon storage. The intensity of this flavor varied to some extent 
between different samples, with the' oils producing a greater intensity of 
flavor than the solid fats. Because of the absence of the lower fatty acids 
in the substrates with the exception of coconut oil, the flavor which developed 
was not identical with the so-called rancid flavor of milk. However, the 
coconut oil sample gave a somewhat similar flavor. 

Pancreatic extract. It is well known that milk fat may be hydrolyzed 
by lipolytic enzymes from various sources. The role homogenization may 
play in such action, however, has not been established. In this connection, 
trials were conducted in which unhomogenized and homogenized milk were 
treated with a commercial pancreatic extract. The pancreatic extract was 
one which has been recommended to be used for producing soft curd milk 
and as a preventive of oxidized flavor. 

The pancreatic extract was placed in a water solution and then added 
at the rate of four grams to 100 pounds of milk. In one series of trials, the 
extract was added to raw milk before homogenization, in another, the extract 
was added to pasteurized milk following homogenization. In every trial, 
the milk was exposed to the action of the pancreatic extract for exactly 10 
minutes after which it w^as either immediately homogenized and pasteurized 
or merely pasteurized, depending upon the experiment. Fat w^as secured 
from the samples and titrated for free fatty acids. The results are pre¬ 
sented in table 3. 

TABLE 3 


Influence of pancreatic extract on lipohfsis in unhomogenized and homogenized milk 


Series No. 

Treatment 

Acid degree 


TJnhomogeuized 

0.60 

1 

Pancreatic extract and unhoinogenizod* 

1.06 

(R.aw milk) 

Homogenized t 

1.65 

Pancreatic extract then homogenized* 

11.06 


ITnhomogenized 

0.83 

o 

Homogenized t 

1.58 

(Raw^^milk) 

Homogenized* 

2.95 

Homogenized—^pancreatic extract* 

10.54 


ITnhomogenized 

0.69 

3 

ITnhomogenized—pancreatic extract* 

1.25 

(Pasteurized milk) 

Homogenized t 

0.74 

Homogenized—pancreatic extract* 

10.44 


* Held 10 minutes before pasteurizing, 
t Pasteurized immediately after homogenization. 


As expected, the pancreatic extract produced lipolysis whenever it was 
used. However, the degree of lipolysis produced in the homogenized milk 
was phenomenal. Whether the extract was added prior to or subsequent 
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to homogenization made no distinguishable difference in the rate of its 
hydrolytic action. Neither did previous pasteurization of the milk affect 
the results, indicating that physical changes created by homogenization were 
the responsible factors. Acid degrees of the fat from homogenized milk to 
which pancreatic extract was added averaged about 10.7, whereas in the 
unhomogenized milk under the same conditions, the average acid degree was 
about 1.2. Naturally, homogenization of raw milk increased the free fatty 
acids, but this increase was relatively small in comparison to results secured 
when both homogenization and extract were used. 

Rancidity was also produced in homogenized milk treated with pancreatic 
extract. Homogenization pressures of 500 and 2,500 pounds were both sufS- 
cient to produce rancid flavored milk when the milk was exposed to pan¬ 
creatic extract action for 10 minutes. Furthermore, this flavor change 
occurred both in raw and pasteurized milk. 

DISCUSSION 

The fact that the optimum pH for lipase action in the homogenized whey- 
fat mixture was within the range of pH 8 to pH 9 indicates practically iden¬ 
tical conditions in this respect between lipolysis as accelerated by homogeni¬ 
zation and lipolysis in unprocessed or normal raw milk. This range agrees 
with the optimum values of pH 8.2-8.7 of Mattick and Kay (4) and pH 
8.4-8.6 of Roahen and Sommer (7) for normal raw milk lipase. If there 
are several lipases in milk, as has been suggested (1, 3) and if the one which 
plays the principal role in homogenized milk is different from that which is 
the most prominent in the lipolytic activity of normal raw milk, then it does 
not appear logical to attempt to separate them on the basis of different 
optimum pH requirements. 

The failure of acidifled whey to exhibit appreciable lipolytic ability even 
though the pH was readjusted to the optimum pH range, indicates that the 
acidification permanently affects the fat hydrolyzing enzj'me in milk. This 
is an important consideration if one attempts to concentrate or isolate milk 
lipase. On the basis of the results in this study, it would appear that any 
such attempt would require the reaction to be maintained in or near the 
alkaline range if appreciable enzymic activity is to be retained. 

The studies with the various fats and oils indicate milk lipase possesses 
ability to hydrolyze a large number of different fatty substrates. The fats 
used varied widely in chemical composition and physical characteristics. 
However, all possess a certain proportion of unsaturated fatty acids which 
are likely responsible for at least an appreciable portion of the free fatty 
acids. 

One point of interest in connectioij with these various fats is that in every 
ease a bitter flavor was produced ob lipolysis. Doubtless, a similar type of 
bitter flavor is produced in milk on the hydrolysis of butterfat but is often 
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overshadowed by the more typical rancid flavor produced by the lower fatty 
acids. Bitterness is frequently observed in so-called “rancid’^ milk, the 
bitterness apparently varying to a large extent between samples, perhaps 
because of the degree of lipolysis which has occurred. It is possible, there¬ 
fore, that the rancid flavor of milk is due to a combination of two types of 
flavors: a putrid type caused by the freeing of butyric and perhaps other 
acids which will produce putridity and, secondlj^ a bitter type caused by 
freeing of certain other fatty acids capable of producing bitterness. The 
increase in titer of the fat is probably closely allied to the bitter producing 
fatty acids. 

The interesting point relative to the studies with the pancreatic extract 
is the tremendous rapidity with which lipolysis is produced in the homog¬ 
enized milk. When one considers that only a 10-minute exposure time is 
involved, then the extent of fat splitting becomes all the more remarkable. 
The question remains as to whether the action of the extract is favored by 
the smallness of the fat globules as produced by homogenization or by the 
change in the adsorbed layer around the newly created fat surfaces. 

CONCLUSIONS 

Optimum pH for lipase action in a homogenized rennet whey-fat emul¬ 
sion was within the range of pH 8 to pH 9. Low pH values adversely and 
permanently affect lipase activity. 

Milk lipase is a non-specific fat splitting enzyme capable of producing 
lipolysis upon a vude variety of fatty substrates under favorable conditions. 

Homogenization creates a condition which greatly enhances lipolysis as 
produced by pancreatic extract. 
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A COMPARISON OP RATS FED AN EVAPORATED MILK WITH 
THOSE FED A “MILK” IN WHICH THE NATURALLY 
OCCURRING PAT HAS BEEN REPLACED 
BY COCONUT OIL 

SMITH FBEEMAN and A. C, IVY 

Department of Physiology and Pharmacology, Northwestern University Medical Schooly 

Chicago 

Milk substitutes are used in human nutrition and it is important to know 
their effect upon the body. One form of substitute for milk results from 
the addition of some other fat to skimmed milk. Several reports have 
recently appeared in the literature comparing the nutritive value of butter- 
fat with that of various vegetable oils. Sehantz, Elvehjem and Hart (15) 
showed an increased rate of growth in rats receiving butterfat as compared 
to those receiving com, coconut, cottonseed or soybean oil homogenized in 
skimmed milk. Gullickson and Fountaine (8) reported results on calves 
which indicated superior nutritive properties for butterfat as compared to 
certain vegetable oils. Harris and Mosher (9) have reported a greater 
growth of coconut oil-fed adolescent rats than of those fed a similar diet 
containing butterfat, Avhile Harris and Rosenfeld (10) reported a better 
growth of weanling rats fed butterfat than in tliose receiving coconut oil. 

The present study is a comparison of the grow'th, bone ash, liver and 
tissue fat of rats fed an evaporated milk with animals receiving a “milk” 
in which the butterfat had been replaced by coconut oil. Both products 
were procured on the open market and, according to the claims of the manu¬ 
facturer, contained similar amounts of vitamins A and D. 

EXPSRIMENTAL METHODS 

Anitnals. All animals were of the Wistar strain and from the same 
colony. The sexes and litters were divided equally into two groups. All 
animals were caged separatelj* and weighed every three days. 

Analytical procedures. Liver fat was determined on the fresh organ 
by the method of Best, Channon and Ridout (1). The total and volatile 
fatty acids of the storage fat were determined on the alcohol-ether (3:1) 
extract of pooled peri-renal and mesenteric fat. The total fatty acids of 
the storage fat were estimated by titration, using a modification of the pro¬ 
cedure described by Stoddard and Drury (16). On another aliquot of the 
alcohol-ether extract, the steam distillable fatty acids were determined, using 
the stills and technique described by Friedemann (5), but with the follow¬ 
ing adaptations: An aliquot of the alcohol-ether extract was transferred to 
the steam distilling fiask and made up to a volume of 20 cc. with ethyl 
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alcohol. One-tenth cc. of saturated sodium hydroxide Tras added and the 
extract evaporated to dryness on the steam bath. Fifteen cc. of distilled 
water was then added to the saponified residue and after the soaps had gone 
into solution the reaction was made acid to Congo red by the addition of 
M/1 phosphoric acid. The procedure from then on was as described by 
Friedemann except that the distillate of the second distillation was collected 
in an equal volume of 95 per cent ethyl alcohol. The final distillate was 
brought to a boil and titrated with freshly diluted N/lOO sodium hydroxide, 
using phenolphthalein as an indicator. Generally, the distillate was col¬ 
lected in 100-cc. portions. Blanks were run on reagents and on unsaponified 
aliquots of the alcohol-ether extract. From these data the percentage of 
fatty acid acidity due to volatile fatty acids was calculated. 

The percentage of bone ash was determined by ashing to constant weight 
at 500° C. after defatting the bones by continuous extraction with hot alcohol 
for 24 hours, followed by a similar extraction with ethyl ether. 

Pooled samples of 3 cans of evaporated and “filled” milk were selected 
at random and analyzed by standard procedures (11) for fat, nitrogen, total 
solids and ash. On analysis the evaporated milk was found to contain 26.4 
per cent solids, 7.74 per cent fat, 1.06 per cent nitrogen, and 1.70 per cent 
ash. Analysis of the “filled milk” gave the following results: total solids, 
25.4 per cent, fat, 6 per cent., nitrogen, 1.32 per cent, and ash, 1.59 per cent. 
The evaporated milk was said to contain 325 U.S.P. units of vitamin D per 
can, and approximately 2000-3000 units of vitamin A, while the filled milk 
was said to contain 400 units of D and 2000 units of vitamin A. 

EXPERIMENT AND RESULTS 

The experiment was started when the rats were 25 to 28 days of age. 
Forty-three animals were fed evaporated milk and 42 animals received the 
product containing coconut oiL Approximately two-thirds the rats of each 
group were killed after 49 days on the experiment, and the remainder at 97 
days. The two products were each fed to the respective groups of rats ad 
libitum. In addition, 0.25 mg. of iron, 0.05 mg. of copper and of nmngnpesft 
were fed separately as a supplement daily in a small amount of each food. 
The major portion of food was withheld imtil the supplement had been in¬ 
gested. 

The data obtained on these animals are summarized in table 1 and their 
growth curves are shown in figure 1. The growth curves for the animals car¬ 
ried for 97 days on the experiment are also included in the curves of the ani¬ 
mals sacrifled after 49 days. Grovrth on both evaporated and “filled” millf 
continued throughout .the experiment. Growth was somewhat greater on 
the evaporated milk diet for both the 49- and 97-day animals. The difference 
in growth on the two diets is not stAtlstically significant after 49 days, but 
is dgniflcant after 97 days (7). The percentage of bone ash is almost iden- 
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tical on the two diets, and the amount of liver fat is also similar. There 
is a definite difference in the amount of volatile fatty acids of the depot fat. 
The average value for the group given evaporated milk was 5.0 per cent of 
the total fatty acid acidity after 49 days on the diet, while the ‘‘filled milk’’ 
group gave a volatile fatty acid acidity equal to 16.3 per cent of the total 
storage fatty acid acidity. Hemoglobin determinations made on 10 rats 
from each group after 49 days on the experiment yielded similar results for 
each group. 



Fia, 1. Growth curves of rats fed evaporated or ‘^filled and a daily 8Uj)ple- 

ment of iron, copper and manganese. 

During the last 48 days of the 97-day experiment, there was a greater 
incidence of loose stools passed by the “filled milk” rats than by the corre¬ 
sponding group fed evaporated milk. 

Comment. Differences in growth observed in the present experiment 
cannot be ascribed to any particular aspect of the diet in as much as the 
diets differed in a number of respects. However, the most striking differ¬ 
ence in the diet of the two groups of animals was in the character of the fat 
The results of Schantz, Boutwell, Blvehjem and Hart (14) indicate that the 
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TABLE 1 

Growth, percentage hone ash and liver fat of rats fed evaporated milk or a similar product 
containing coconut oil {** filled mUk”) 



No. of 

Days 

Average weights 


Critical 
ratio* of 
growth 
differences 

Milk 

anknals 

on 

in gms. 

Growth 


on exp. 

i 

diet 

Initial 

Final 


Evaporated. 

43 

49 

43 

160 

116.9 

±4.6t 

1.64 

Filled . . . 

42 

49 

43 

149 

106.7 







±4.2 


Evaporated 

13 

97 

46 

247 

201.0 

±10.4 

2.28 


Filled . 

15 

97 

45 

215 

169.5 







±9.0 





% 

% 

Critical ratio 




Bono ash 

Liver fat 

Bone ash 

Liver fat 

Evaporated .... 

27 

j 49 

1 64.2 

6.75 

0.04 

0.50 

Filled. 

27 

49 

64.3 

6.52 



Evaporated . 

13 

97 

67.4 

i 

1.87 


Filled. 

15 

97 

66.6 





* C.B. = • - 5 ^. Where Mi and M* are the mean values, a = standard devia- 

V oMi* + oM** 
tion of the mean. 

t Standard deviation of mean in gms. 

superior nutritive value of butterfat over corn oil resides in the saturated 
fraction of the fatty acids. The increased incidence of loose stools on the 
‘^filled milk^’ fed group carried for 97 days suggests that part of the differ¬ 
ence in growth during the latter half of the experiment may have been due 
to a difference in gastro-inteStinal tolerance for the two diets. 

The effects of dietary fat upon the characteristics of the storage fat has 
been studied by many investigators. Gibbs and Agcaoili (6) showed that 
the physical and chemical constants of pig lard were altered by feeding the 
hogs on copra cake, which contains 7 to 15 per cent coconut oil. Appar¬ 
ently, fatty acid chains shorter than 10 carbon are not deposited in the tis¬ 
sues to a significant degree, Davis reported (3) some storage by chickens 
when tributyrin was injected, but none when it was ingested. Eckstein 
found no storage of butyric or caproic acids when they were fed to rats (14). 
Powell (13) recovered only traces of fed caprylic acid in the storage fat, 
while lauric acid was found up to 25 per cent of the fatty acids of the 
storage fat. When tricaprin was the sole fat in the diet of white rats, it 
was found that the storage fat ecmtained 15 per cent capric acid (12). 
Coconut oil contains a high percentage of short^chained fatty acids (2) and 





A COMPARISON OP MILK PATS AND VEGETABLE OILS 


881 


is particularly rich in lauric acid. The steam distillable fatty acids from 
the rats fed coconut oil was largely contained in the first 100 cc. of distillate. 
These fatty acids were water-insoluble and were solid at 15 degrees centi¬ 
grade, so it seems reasonable to assume that they were lauric and capric acid. 
The volatile fatty acids of the butter fat fed animals were relatively low, 
and their identity is not apparent. 

SUMMARY 

The growth of rats fed an evaporated milk was greater over a 97-day 
period than for a similar group of rats maintained on a “filled milk'' in 
which the butterfat had been replaced by coconut oil. The percentage of 
bone ash and of liver fat is quite similar for the two groups of rats, both after 
49 and 97 days on the diets. There were more volatile fatty acids deposited 
in the storage fat of the coconut oil group. 
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BACTERIOLOGICAL STUDY OP CHOCOLATE MILK* 

JAMES E. FULLER, W, 8. MUELLER, and R. W. 8WAK80N 
Massachusetts State College 

INTEODUCTION 

The widespread use of chocolate milk in recent years is so well known 
that it is not necessary to enlarge upon the subject here. Mueller (12) in¬ 
vestigated the bacterial flora of a number of commercially-packed chocolate 
syrups and cocoa powders, and reported that some of them contained large 
numbers of bacteria. It is obvious that the addition of a non-sterile sub¬ 
stance to milk will mean the contamination of the milk. This would be 
particularly true of the syrups because chocolate milk made from them is 
not always subsequently heated; whereas, when a cocoa powder is used, the 
mixture is pasteurized to bring the powder into suspension. 

It was the purpose of this study to investigate the effect of adding cocoa 
powders and chocolate syrups to milk on the bacterial content and keeping 
quality of the milk. 

EXPERIMENTAL 

I. Bacteriological examination of cocoa powders and chocolate syrups 

The first experiment was a preliminary determination of the numbers 
and types of bacteria present in three brands of cocoa powders and three 
of chocolate syrups, preparatory to their being used to make chocolate milks. 
The powders and syrups were all commercially-packed products. Samples 
A and I of the cocoa powders were American-processed powders, and sample 
D was Dutch-processed, Of the syrups, samples B and T were made from 
cocoa powders, and sample S was a syrup flavored with an extract of cocoa. 
All of the containers were kept sealed and otherwise handled aseptically 
in order that the samples could be used for the subsequent experiments. 

Bacterial counts were made on standard nutrient agar, and tomato agar 
(Kulp (7)) was employed for detecting the presence of yeasts and molds. 
Appropriate dilutions, determined by trials, were made in sterile distilled 
water, and 1-ml. portions of these dilutions were plated. All plates were 
made in duplicate. One series of duplicate plates was incubated at 37® C., 
and a parallel series of duplicate plates at room temperature (about 22® C. 
in the room used). The latter series was intended to estimate the numbers 
of bacteria present that would develop if the milk made from the products 
was left standing at room temperature. Bacterial counts were made at the 
end of 48 hours’ incubation. Tomato-agar plates were incubated and ex¬ 
amined up to 5 days if no mold or yeast growth appeared before that time. 

Beceived for publication, April 29, 1942. 

* Departments of Bacteriology and Dairy Industry Cooperating. 

Contribution No. 439 of the Massachusetts Agricultural Experiment Station. 

883 



884 


JAMES E. FULLER^ W. S. MT^ELLER AND R. W. SWANSON 


Streak cultures, from the suspensions used for plating, were made on 
blood-agar to detect the presence of hemolytic cocci, and on Endo’s agar to 
detect gram-negative bacteria of intestinal types. These plates were in¬ 
cubated at 37° C., and examined at 24, 48, and 72 hours. Results of the 
whole experiment are shown in table 1. 


TABLE 1 

Bacterial counts per gram of cocoa powders and chocolate syrups {plates 
incubated at and C.) 



* Tomato agar was used to detect the presence of molds. Since mold growth, when 
present, covered the' whole plate, no attempt was made to secure counts. 


The numbers of bacteria in both powders and syrups showed wide vari¬ 
ation. This was in agreement with the results published b}' Mueller (12). 
It will be noted, however, that no bacteria were recovered on the Endo 
plates, and no hemolytic organisms appeared on the blood-agar plates. 
This indicates that neither gram-negative intestinal bacteria nor hemolytic 
cocci were present in the powders or the syrups. A number of colonies 
growing on the nutrient-agar plates were examined both microscopically 
and culturally. Most of them proved to be aerobic spore-forming bacteria 
of the Bacillus suhtilis group. Since all of these bacteria would have the 
same significance in milk—they could impair its keeping quality if they 
were present in sufficient numbers, but w’^ould not endanger the healtli of 
consumers—^it was not considered necessary to identify them as to species. 
No gram-negative bacteria were isolated from the nutrient-agar plates, but 
a few gram-positive cocci were recovered. These were studied suflSciently 
to identify them as micrococci (Bergey (1)) j but since very few of them 
were recovered, and they were probably of no great significance in milk, they 
were not identified as to species. 


II. Bacterial counts of chocolate milks made with cocoa powders and 

with chocolate syrups 

Whether the types of bacteria found in cocoa powders and chocolate 
syrups are pathogenic or not, substantial numbers of them could affect the 
keeping quality of chocolate milks. This would be especially true if the 
diocolate milk were kept at room^ temperature or at ineffective refrigera¬ 
tion temperature, as might be the case in some homes, or in carelessly oper¬ 
ated public eating places. 
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The powders and syrups examined in the first experiment were used to 
make chocolate milks. Methods for the making: of chocolate milk are not 
standardized, and the result is considerable variation in cocoa content 
among the products prepared by different market-milk plants. The milks 
in which cocoa powders were used were prepared according to the formula 
employed by the Department of Dairy Industry of the Massachusetts State 
College. 

The powders were added by weight, and the milk was measured on the 
basis of 1.032 specific gravity. Cane sugar was added to each sample to 
make the final by-weight composition: 1 per cent cocoa powder, 7 per cent 
cane sugar, and 92 per cent milk. The ingredients were mixed and heated 
to 144° F. for 30 minutes to bring the cocoa into suspension. The mix was 
then cooled rapidly in an ice-water bath. 

Chocolate milks were made from syrups by mixing cold pasteurized milk 
and cold syrup in the proportions recommended by the manufacturers of the 
respective brands of syrup employed. The mixtures were not heated. 

After the chocolate milks had been prepared, each lot was divided into 
two portions. Plates were made immediately from all portions, using the 
medium and technic for the bacteriological analysis of milk according to 
Standard Methods (16). Then one portion of each milk was stored at room 
temperature, about 72° P. in the room used, and the other portion of each 
milk was stored in an electric refrigerator at about 43° P., ‘‘economy’^ 
temperature in the refrigerator employed. These two storage temperatures 
were employed to represent both satisfactory and unsatisfactory storage 
conditions. Subsequently, plates were made from all portions after about 
7 hours’ storage, and again after 24 hours. Plates were made again after 
48 hours from the portions in the refrigerator. Two sets of duplicate plates 
were made each time from each portion, and one set was incubated at 37° C. 
and the other at room temperature. The use of 37° temperature is the usual 
practice, and room temperature was emploj-ed to obtain counts especially 
of those organisms that would develop as a result of room-temperature 
storage. 

Circumstances did not permit carrying out the whole series of counts 
at one time. Consequently, check counts, such as those reported in table 1, 
were made from the several powders and syrups whenever they were opened 
to make fresh batches of chocolate milk. Freshly pasteurized batches of 
milk were used for each of the several preparations of chocolate milk that 
were necessary. Plate counts of milk were made each time it was obtained. 

Results of this experiment are shown in tables 2 and 3. The numbers 
of bacteria added to milk with the addition of cocoa powders were not very 
important, except for spores, because the chocolate milk was heated to 144 P. 
for 30 minutes to bring the powders into suspension. This amounts to pas¬ 
teurization. Further, only 1 per cent by weight of the milk is cocoa powder; 
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which would mean that, even when the highest-count cocoa powder was used 
(see table 1), the bacterial count of the milk would be increased by only a 
few over 100 per ml. Probably the pasteurization would destroy or inac¬ 
tivate many of these organisms. When syrups were used, however, around 
10 per cent by weight of syrup was added to milk, and the mix was not 
heated. Thus, the bacterial content of the chocolate milk was substantially 
increased when high-count syrup was used, as can be seen by noting the 
counts for chocolate milk made with syrup B in tables 2 and 3. 

TABLE 2 

Bacterial eounta of ehoeolate milica atored at refrigerator temperature (43° F.) 



Plates incubated at 37^ C. 

Plates incubated at 22® C. 

Sample 

Hours of storage 

Hours of storage 


0 

7 

24 

7 days 

0 

7 

24 

7 days 

Powder A 

Milk . 

Chocolate milk . . 

1,150 

1,110 

1,130 

1,140 

1,180 

1,180 

8,100 

1,430 

1,200 

1,000 

1,100 

1,300 

1,400 

1,510 

17,000 

3,000 

Powder D 

Milk. 

Chocolate milk . 

760 

610 

1,220 

800 

1,380 

840 

7,500 

3,300 

1,100 

980 

1,090 

970 

1,120 

970 

16,400 

8,000 

Powder I 

Milk ... 
Chocolate milk 

1,600 

1,700 

1,710 

1,690 

1,700 

1,640 

3,300 

2,110 

1,700 1 
1,320 

3,670 

3,400 

3,200 

3,600 

36,500 

5,900 

"a.®. 

Chocolate milk 

1,610 

8,400 

1,580 

8,700 

1,650 

8,600 

4,000 

12,300 

3,660 

6,400 

1,620 

6,900 

2,610 

8,400 

9,000 

9,800 

. 

Chocolate milk . .. 

1,000 

800 

1,000 ! 
1,400 ! 

1,600 

2,400 

3,300 

4,000 

1,200 

1,400 

1,000 

1,500 

1,600 

1,550 

2,000 

2,600 

_ 

Chocolate milk . 

1,390 

1,330 

1,370 

1,400 

4.100 

3.100 

6,000 i 
3,900 

2,400 

2,200 

2,800 

2,300 

2,900 i 
2,600 

13,000 

3,100 


For all of the milks made from cocoa powders, the counts had not in¬ 
creased much at the 7-hour period, and all of the 24-hour counts were sub¬ 
stantially lower than the counts for the corresponding milk samples at 
room-temperature storage; this was also true for the 7-day counts of samples 
stored in the refrigerator. This fact indicates that the cocoa powders con¬ 
tained some factor that inhibited bacterial growth in chocolate milks made 
from them. Counts from chocolate milk made with syrup T showed the 
same trend as did counts from the milks made with cocoa powder. Syrup B 
had a high initial count, so the milk made with it had a high initial count 
compared with the count from the corresponding milk sample, and the count 
from the ehoeolate milk remained, relatively high throughout. It will be 
noted, however, that the percentage increases of counts from this chocolate 
milk were definitely lower than were those from the corresponding milk 
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sample, for both conditions of storage and incubation. These facts indicate 
that both syrups B and T contained the same growth-inhibiting factors that 
were present in the cocoa powders. The counts from the chocolate milk 
made with syrup S followed closely those from the corresponding milk sam¬ 
ples. This syrup was flavored with an extract of cocoa powder, and had no 

TABLE 3 


B&cteridl counts of chocolate mUTcs stored at room temperature (71S° i**.) 



Plates incubated at 37® C. 

Plates incubated at 22® C. 

Sample 

Hours of storage 

Hours of storage 


0 

7 

24 

0 

7 

24 

Powder A 

Milk 

Chocolate milk 

1,900 

2,000 

4,000 

3,100 

4,.500,000 

1,700,000 

2,400 

2,400 

2,800 

2,200 

20,000,000 

8,000,000 

Powder D 

Milk . 

Chocolate milk 

1,300 

1,800 

1,800 

1,850 

6,000,000 

2,300,000 

1,210 

860 

J,750 

1,790 

16,500,000 

3,000,000 

Powder I 

Milk 

Chocolate milk 

1,220 

1,300 

1,250 

2,400 

4,100,000 

2,600,000 

1,890 

1,330 

7,500 

4,600 

30,000,000 

17,000,000 

Svrup B 

Milk . 

Chocolate milk 

1,760 

7,800 

1,740 

8,500 

1,600,000 

1,680,000 

1,800 

9,400 

1,890 

8,400 

14,500,000 

16,900,000 

Syrup S 

Milk 

Chocolate milk 

1,290 

1,300 

1,500 

1,400 

2,100,000 

1,800,000 

1,210 

1,800 

2,800 

2,200 

20,000,000 

16,000,000 

Syrup T 

Milk 

Chocolate milk 

1,340 

1,000 

1,810 

1,700 

3,000,000 

1,500,000 

1,410 

1,300 

2,100 

1,700 

43,000,000 

18,000,000 


cocoa in it, so the growth-inhibiting factor was evidently lost in its manu¬ 
facture. 

III. Growth of certain species of hacteria in chocolate milk 

This experiment was set up to study the growth of certain bacterial 
species in chocolate milks. The species selected for study were among those 
that might be found in milk under ordinary conditions, and no specifically 
pathogenic bacteria were included. The bacterial species were: Escherichia 
coli, Aerobacter aerogenes, Staphylococcus aureus, Streptococcus lactis, and 
Bacillus eereus. 

The chocolate mUks were made as in experiment II; and the same pow¬ 
ders and syrups were used, except that syrup S was omitted because it had 
not inhibited bacterial growth in the experiment. After the milks had been 
nm d e up, they were sterilized in the autoclave, and were then inoculated 
from 24-hour cultures of the respective bacterial species. Duplicate series 
were stored as before at room temperature and at refrigerator “economy” 
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temperature. Platings were made immediately after the milks had been 
inoculated, at about 7 hours, and at 24 hours. Platings were made also at 
48 hours from the milks stored in the refrigerator. Because of the volume 
of work involved, and because room-temperature incubation is not stan¬ 
dard according to Standard Methods of Milk Analysis, plates were incubated 
only at 37° C. 

Results are shown in table 4. It will be noted that inoculations were 

TABLE 4 

Growth of pure cultures of bacteria in chocolate mills (plates incubated at S7° C.) 



Bef rigerator storage 


Boom storage 



Hours of storage 


Hours of storage 


0 

7 

24 

48 

0 

7 

24 

JS. coli 








Milk . 


880 

1,190 

1,220 

1,110 

28,100 

200,000,000 

** + sucrose . 



1,430 

1,520 


18,600 

216,000,000 

A* . 


■Tikn 

1,090 

820 

930 

10,100 

85,000,000 

D . 

1,120 

B» « 

1,180 

630 


12,500 

93,000,000 

I . 

950 

BUl« 

■mtif 

560 

1,110 

15,400 

80,000,000 

B . 


B|^ « 


650 


6,000 

69,000,000 

T . 

900 

^u9 

410 

290 

920 

2,200 

6,000,000 

A, aerogenes 








MUk . 

1,270 


1,350 

1,240 

1,360 

18,300 

297,000,000 

* < + sucrose 

H U rn 


1,290 

1,180 

1,280 

14,100 

198,000,000 

A . 

K '^[9 

1,290 

1,210 

1,150 

1,310 

1,310 

39,200,000 

D . 

B I? •« 

1,120 

1,170 

1,270 

1,890 

63,100,000 

I . 

K9 

1,150 

1,270 

1,180 

1,330 

1,980 

91,000,000 

B . 

B l"f n 


1,230 

1,150 

1,230 

1,570 

5,300,000 

T . 



1,130 

1,110 

1,210 

1,270 

990,000 

Staph, aureus 








MUk . 

6,420 

6,370 


2,630 

6,390 

37,700 

35,000,000 

* * + sucrose .. 

WHjllJH 

6,560 

3,730 

2,150 

6,170 

35,600 

60,000,000 

A . 


5,710 

520 


5,960 

12,300 

1,600,000 

D . 

BwEBB 

5,820 

1,750 

1,670 

5,890 

21,000 

4,900,000 

I . 

6,530 

6,180 

760 


5,990 

10,700 

2,100,000 

B . 

6,370 

6,iso 

1,820 

1,220 



110,000 

T . 


6,420 

970 

UUi&l 



108,200 

Strep, lactis 








MUk . 


2,250 

2,320 

2,710 

2,300 


170,000,000 

* * + sucrose . .. 

KPF9 

2,150 


2,320 

2,280 


165,000,000 

A . 


1,890 

1,940 

2,130 

2,420 

75,400 

260,000,000 

D . 

E^9 

1,720 

2,300 


2,010 

K fj 

149,000,000 

I . 

2,160 

1,570 

1,790 


2,450 

B: 

273,000,000 

B . 


1,410 


1,670 

2,030 

Bn 

132,000,000 

T . 


1,480 

1,540 


2,460 


126,000,000 

B. eereus 








MUk . 


1,810 

1,950 


1,780 


42,000,000 

** + sucrose .... 

BKiBB 

1,590 

1,600 


MESEM 


50,000,000 

A . 

1,560 

1,550 


Bi jfl 

1,850 

4,610 

17,000,000 

B . 


1,470 

1,590 

Kiffi M 

1,720 

4,560 

15,000,000 

I . 


1,580 

1,700 

Bijy !■ 

1,810 

3,860 

22,000,000 

B . 

1,590 

1,540 

l|f» 

1,110 

1,860 


7,000,000 

. T .. 


1,610 

1 700 




4,000,000 


** letters repTCBent chocolate millie made with cocoa powders A, B, and I, and choco¬ 
late syrups B and T. 
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made in milk containing the amount of sugar (sucrose) used in making the 
eocoa-powder mixes. This was done to determine the effect of the sugar 
concentration on bacterial growth. The results of the experiment may be 
summarized as follows: 

Refrigerator storage. No j)articular effect on the numbers of coliform 
bacteria was noticeable ■within 24 hours. At 48 hours the number of Es- 
cherichia coli were somewhat diminished in all of the chocolate milks, while 
counts of Aerohacter aerogenes were not affected. The counts of Staphylo¬ 
coccus aureus decreased, even in the milk, in 24 hours, and they decreased 
still further in 48 hours. The counts of the organism were lower in the 
chocolate milks than in the milks without syrup or powder. Streptococcus 
lad is apparently was not much inhibited in any of the milks, although the 
counts in the milks ■with syrups B and T were somewhat lower than the 
counts in the other milks at both 24 and 48 hours. All of the counts of 
Bacillus cereus in chocolate milk, at 48 hours’ storage, were lower than those 
of the milk controls. This result was unexpected in view of the fact that 
most of the bacteria found in the syrups and powders, in experiment I, were 
members of the Bacillus svhiilis group. The explanation is not immediately 
apparent. 

Room storage. Except for Sircptococcus lactis, the counts of the several 
bacterial species employed were definitely lower from the chocolate milks 
than they w^ere from either the control milk or the milk with sugar. In 
most instances, however, the counts were somewhat increased at 7 hours, 
and definitely increased at 24 hours. Prom the milk made with syrup T, 
counts of all the bacterial species, except Sireptococcus lactis, were sub¬ 
stantially low’er than from the other chocolate milks. The same was true of 
counts of Aerohacter aerogcves, Staphylococcus aureus, and Bacillus cereus 
from milk made with syrup B. 

In general, it may be stated that, with the exception of some of the 
counts of Streptococcus lactis, the results of the experiment were consis¬ 
tent ■with those shown in tables 2 and 3, in that they indicated the pres¬ 
ence in the chocolate milks of some agent that inhibited bacterial growth. 
The counts from the milk with added sucrose were about the same as in the 
milk without it, which indicated that the inhibition of bacterial growth 
was not attributable to the increased sugar content of the chocolate milks. 

IV. Growth of bacteria m the presence of certain constituents of 
cocoa and chocolate 

The second and third experiments provided data which suggested that 
all three of the cocoa pow^ders and two of the chocolate syrups possessed 
some power to inhibit bacterial growth in chocolate milks made with them. 
The fourth experiment was set up to attempt to discover the factor or 
factors responsible for the observed inhibition. 

Analyses of cocoa products (Kuzmeski and Mueller (8); WhjTuper (18)) 
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have shown that tannic substances, theobromine, and oxalic acid are pres¬ 
ent in sufficient concentrations to suggest that they might be able, singly 
or in combinations, to affect the rate of bacterial growth in chocolate milk. 
The concentrations of these compounds vary in different cocoas; but, in 
general, their approximate percentages seem to be: Tannic substances, 10 
per cent; theobromine, 2 per cent; and oxalic acid, 0.65 per cent. In the 
formula, given in experiment II, for making chocolate milk from cocoa, 
one per cent by weight of cocoa is added to milk. On that basis the chocolate 
milk would contain 0.1 per cent of taimic substance, 0.02 per cent of theo¬ 
bromine, and 0.0065 per cent of oxalic acid. 

The nature of the tannic substances in cocoa powders, and consequently 
in chocolate syrups, is not known, but tannic acid is probably not present 
to any great extent as such. That was the only tannin derivative, however, 
that was available in pure chemical form for use in the experiment. 

Freshly pasteuri 2 ed milk from the college dairy was used, as before, 
for the culture medium. The desired quantities of tannic acid, theobromine, 
and oxalic acid were weighed and added to 100-ml. portions of the milk, 
and these portions were again pasteurized. The tannic acid, theobromine, 
and oxalic acid were added, separately and in combination, in amounts 
that would give approximately the same concentrations as those indicated 
in the analyses previously mentioned. Sugar (sucrose) was used also with 
the combined compounds to indicate its effect, if any, on bacterial growth 
in the presence of the compounds. The same bacterial species were employed 
as in experiment III, and they were inoculated into the milk and milk- 
mixes in the same way. Room-temperature storage was employed. Plat¬ 
ings were made immediately after the inoculations, and at 7 hours and 
24 hours of storage. Plates were incubated at 37° C., and were counted at 
48 hours. Results are shown in table 5. 

The results obtained indicate that tannic acid alone, and the combi¬ 
nation of all three compounds, inhibited the growth of the coliform bacteria, 
of Staphylococcus aureus, and of Bacillus cereus, but not of Streptococcus 
lactis. These results agree with the effect observed in experiment III, in 
which cocoa powders and chocolate syrups were used. Neither oxalic acid 
nor theobromine alone had any demonstrable effect on bacterial growth. 
The combination of all three compounds did not appear to have any greater 
inhibiting property than did the tannic acid alone, except in the combi¬ 
nation with added sugar. With the latter combination Streptococcus lactis, 
Escherichia coU, and BaciUus cereus all gave lower counts than with tannic 
acid alone. The general trend of the counts obtained in the experiment 
indicates that tannic acid was the principal factor in inhibiting bacterial 
growth. If the action of tannic acid can be accepted as being representative 
of the action of tannin compounds^ these results argue in favor of the 
tannic substance present in cocoa being the significant factor in the inhibi¬ 
tion of bacterial growth observed in chocolate milks. 
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TABLE 

Growth of pure cultures of bacteria in the presence of tannic acid, theobromine and 
oxalic acid {plates incubated at S7^ C.) 


Milk, and milk with added substances 

Hours of storage at room temperature 

0 

7 

24 

E. voli 




Milk 

3,280 

56,300 

553,000,000 

Bugar, tannic acid, oxalic acid, theobromine 

2,940 

10,700 

76',000;000 

Tannic acid, oxalic acid, theobromine 

1,910 

10,200 

291,000,000 

Tannic acid 

3,000 

6,700 

26i;ooo;ooo 

Theobromine 

3,280 

108,000 

641,000,000 

Oxalic acid 

2,960 

90,000 

582,000,000 

A . aerogenes 




Milk . 1 

1 4,040 

62,000 

574,000,000 

Sugar, tannic acid, oxalic acid, theobromine 

4,320 

27,000 

74,000,000 

Tannic acid, oxalic acid, theobromine 

4,610 

21,000 

53,000,000 

Tannic acid 

4,930 

26,000 

85,000,000 

Theobromine 

4,870 

57,000 

392,000,000 

Oxalic acid 

3,890 

64,000 

479,000,000 

Staph, aureus 




Milk 

1,890 

17,680 

40,300,000 

Sugar, tannic acid, oxalic acid, theobromine 
Tannic acid, oxalic acid, theobromine 

1,810 

14,870 

13,370,000 

1,790 

13,960 

12,110,000 

Tannic acid 

1,920 

13,280 

10,980,000 

Theobromine 

1,970 

18,820 

51,400,000 

Oxalic acid 

1,830 

16,240 

38,600,000 

Strep, Ictctis 




Milk 

1,710 


61,000,000 

Sugar, tannic acid, oxalic acid, theobromine 

1,550 

8,900 

25,000,000 

Tannic acid, oxalic acid, theobromine 

1,730 

14,900 

44,000,000 

Tannic acid 

1,790 

16,900 

64,000,000 

Theobromine 

1,670 

13,300 

68,000,000 

Oxalic acid . 

1,840 

18,800 

76,000,000 

B. cereus 




Milk { 

1,780 

9,300 

7,100,000 

Sugar, tannic acid, oxalic acid, theobromine 

1,520 

8,900 

2,600,000 

Tannic acid, oxalic acid, theobromine 

1,560 

7,100 

6,200,000 

Tannic acid 

1,580 

11,100 

5,300,000 

Theobromine 

1,650 

10,300 

7,000,000 

Oxalic acid 

1,620 

17,600 

6,400,000 


DISCUSSION 

The absence of potentially pathogenic bacteria from the cocoa powders 
and chocolate syrups, examined in this study, agrees with the results re¬ 
ported by Mueller (12). The absence of these types of bacteria is reassur- 
iug so far as the safety of chocolate milk is concerned. This is particularly 
true with respect to gram-negative bacteria of intestinal type, as it indicates 
that there is little danger of intestinal bacteria, and of typhoid and dysen¬ 
tery organisms particularly, being added to milk when chocolate milk is 
made. The fact that the growth of bacteria, excepting Streptococcus lactis, 
was inhibited in chocolate milks provides an additional margin of safety. 
An exception would be a chocolate milk made from an extract-flavored 
^mp such as syrup S. 
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Kliewe and Straws (5) reported that cocoa products have definite 
germicidal power, and they added that this is the reason why “contami¬ 
nation of cocoa with intestinal bacteria has never been reported/^ The 
results of the present experiments do not argue in favor of the powders and 
syrups having sufficient germicidal power to render an infected milk safe by 
their addition to it, but there would seem to be little danger that milk would 
be dangerously contaminated from the addition of cocoa products, or that 
the bacterial count would be substantially increased in the chocolate milk 
unless a powder or syrup of unusually high bacterial content was used. 

Tannic acid added to milk definitely inhibited bacterial growth in milk. 
This was true when tannic acid was used alone or in combination with theo¬ 
bromine and oxalic acid. The effect of tannic acid on bacteria has been 
studied by several investigators. Taylor (17) found that only small concen¬ 
trations of tannic acid were required to inhibit growth of pyogenic cocci. Ko 
(6) stated that tannic acid was a more effective germicide for typhoid bacilli 
than were other fruit or vegetable acids. Olitsky and Cox (14) treated the 
nasal passages of mice with tannic acid and found them resistant to subse¬ 
quent nasal infection with equine encephalomyelitis virus; and Sabin, Olit¬ 
sky, and Cox (15) found that monkeys similarly treated were resistant to 
subsequent nasal infection with poliomyelitis virus. 

As was stated before, the nature of the tannin complex in cocoa products 
is not known, and there may be some question as to how accurately the use 
of tannic acid may represent the action of the tannin complex. Perhaps a 
partial answer to this question may be found in the work of Doelger (2, 3, 
4), who reported that bacteria in tan liquors are largely acid-producing 
organisms, with lactic, acetic, and butyric-acid producers in greatest abun¬ 
dance. Streptococcus lactis w^as the chief producer of lactic acid. Coli- 
form bacteria have been found in weak tan liquors, but chromogenic. bac¬ 
teria have seldom been encountered. These results compare favorably with 
those of the present study in that the growth of Streptococcus lactis was not 
inhibited in either chocolate milks or in the presence of tannic acid, but the 
growth of coliform bacteria and Staphylococcus aureus ivas inhibited in 
both situations. The results of the present experiments suggest that the 
tannin complex of the cocoa products was the active factor in the inhibition 
of bacterial growth. 

Lipman and Mueller (9) reported that when a ration containing milk 
powder and cocoa powder was fed to albino rats, the digestibility of the 
milk protein was reduced in comparison with its digestibility in rats that 
received no cocoa powder. In a similar study, Mueller and Ritchie (13) 
found that cocoa powder in the diet retarded the growth of albino rats. 
Mueller (11) reported that theobromine (0.27 per cent) in a diet was non¬ 
toxic for rats; 2 per cent crystalline tannic acid was toxic; and the toxicity 
of cocoa powders was related to their quantity of tannic substance. Toxicity 
was measured by growth of the rats. Mehlitz and Maass (10), and Zlatarov 
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and Poppov (19) reported that tannic acid, even in small quantities, had 
an inhibiting effect on enz^^mes. While the several studies mentioned are 
not concerned with bacteria, they do suggest a certain parallel with the re¬ 
sults obtained in the present study. 

It was interesting to note that the palatability of the chocolate milks 
employed "was parallel to their bacteria counts. All samples of chocolate 
milk stored in the refrigator were palatable at 48 hours, as ’was to be ex¬ 
pected. All of these samples were kept in the refrigator and tasted again 
at the end of 7 days. All of the samples made with the cocoa powders, and 
that made with syrup T, were still palatable. The respective milk samples, 
and the chocolate milks made with syrups B and S, were slightly rancid. 
Samples stored at room temperature were tasted at 24 hours, and all were 
palatable except those made with syrups B and S. These ’were definitely 
unpalatable at this time, as were the respective control milk samples. The 
spoilage of the milks made with the two syrups can be accounted for by 
the fact that syrup B had a high initial bacterial count, and syrup S was 
flavored with a cocoa extract. The chocolate milks made with the syrups 
’were not pasteurized after they were mixed as were the milks made -wnth 
the cocoa powders. 

SUMMARY 

A bacteriological study 'wm made of chocolate milks containing, respec¬ 
tively, three brands of cocoa powder and three of chocolate sjTup. 

A preliminar}" experiment showed that two of the pow’ders and one of 
the syrups had high bacterial counts, and the others had low counts. 

Growth of tlie bacterial flora of the milk itself w’as inhibited when pow¬ 
der or syrup was added, except with one syrup (S) which w^as flavored 
with an extract of cocoa powxier. 

Growth of pure cultures of bacteria was inhibited in the chocolate milks, 
excepting growth of Streptococcus lacfis. Other species of bacteria em¬ 
ployed were Escherichia coli, Acrohacter aerogenes, Staphylococcus aureus, 
and Bacillus cereus. Syrup S was not used in this experiment. 

Tannic acid added to milk inhibited the grow^th of the same bacterial 
species as those mentioned in the preceding paragraph, and the giwth of 
Streptococcus lactis w^as not hindered. 

Parallel groups of samples w^re stored at room temperature (72° F.) 
and at refrigerator temperature (43° F.) for the experiments on the milk 
flora and pure cultures in chocolate milk. For the experiment with tannic 
acid, oxalic acid, and theobromine, only room-temperature storage was used. 
The inhibition of bacterial grow^th at room temperature was more marked be¬ 
cause of the greater growth-rate of bacteria at that temperature as com¬ 
pared with refrigerator temperature. 

Oxalic acid and theobromine did not have any noticeable effect on the 

growth of bacteria. 

The palatability of the chocolate milks, and especially of those samples 
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stored at room temperature, was directly comparable with the bacterial 
counts of the milks. 

The conclusion seems to be justified that cocoa powders or chocolate 
syrups (excepting those flavored with cocoa extracts) added to milk defi¬ 
nitely inhibit the growth of bacteria likely to be found in milk, with the 
exception of Streptococcus lactis, and that the tannic substances of the 
cocoa products are the agents responsible for inhibiting bacterial growth. 

EEFEEENCES 

(1) Bebqey, D. H., et ah Bergey's Manual of Determinative Bacteriology. Williams 

and Wilkins Go., Baltimore. 5th ed. 3939. 

(2) Dosloer, W. P. The Action of Microorganisms on Vegetable Tanning Materials. 

III. Characteristics of the Lactic Acid Fermentation. Amer. Leather Chem. 
Assoc. Jour., 31: 46-63, 1936. 

(3) Doelgeb, W. P. Ihid. IV, Characteristics of Acetic Acid Fermentation. Amer. 

Leather Chem. Assoc. Jour., 31: 531-544. 1936. 

(4) Doelgeb, W. P. Ibid. V. A Consideration of Acid Fermentations in Eocker 

Liquors, and Method for Their Control. Amer. Leather Chem. Assoc. Jour., 32; 
265-275. 1987. 

(6) Euewe and Strawe. Cited from H. Finke, InhaltsUbersicht, Handbuch dcr 
Kakaoverzeugnisso, J. Springer, Berlin. 1936. 

(6) Ko, E. Action of Fruit Juices upon the Typhoid BacUlus. .Tapan. Med. Lit., 3: 

73. 1918. Chem. Abs., 13; 462. 1919. 

(7) Kulp, W. L. Laboratory Manual: The Fundamentals of Microbiology. Mono¬ 

graph, Univ. Conn. 1941. 

(8) Kuzmeski, J. W., and Mueller, W. S. ITnpubUshed material. 1941. 

(9) Lipman, L. D., and Micelles, W. S. The Effect of Cocoa upon the Digestibility 

of Milk Proteins. Jour. Dairy Sci., 24; 399-408. 3941. 

(10) Mbhlitz, a., and Maass, H. Uber enzymutische Klarung von Fruchtsaften and 

SUssmosten. IV. Mitteilung: Dcr Einfluss von Gerbstoff auf die Pektolase- 
wirkung von Filtrationsenzymen. Biochem. Ztschr., 276: 86-90. 1935. 

(11) Mueller, W. S. The Significance of Tannic Substances and Theobromine in Clioc- 

olate Milk. Jour, Dairy Sci., 26: 221-230. 1942. 

(12) Mueller, W. 8. Factors- to be Considered in Selecting Chocolate flavored Milk. 

Jour. Dairy Sci., 22: 623-636. 1939. 

(13) Mueller, W. S., and Bitchie, W. S. Nutritive Value of Chocolate Flavored Milk. 

Jour. Dairy Sci., 20: 359-369. 1937. 

(14) Olitsky, P, K., and Cox, H. E. 1934. Cited from Sabin, Olitsky, and Cox 1936 

(15.) 

(15) Sabin, A. B., Olitsky, P, K., and Cox, H. E. Protective Action of Certain 

Chemicals against Infection with Poliomyelitis Virus by the Nasal Eoute Jour 
Bact., 31: 35-36. 1936. 

(16) Standard Methods for the Examination of Dairy Products. Amer. Pub. Health 

Assoc. 8th ed., 1941. 

(17) Taylor, K. Specificity in Antiseptics. Lancet, 96: 294. 1916. Cited from Mc« 

CuUoch, E, C. Disinfection and Sterilization. Lea and Febiger, Philadelphia. 
1936. 

(18) Whtmpeb, B. Cocoa and Choeol^e/ P, Blakiston’s Son and Co. Pbiladelnhia 

2nd ed., 1921. ’ y • 

(19) ZLiTAEOV, A., AOT Poppov, I. D. Enzyjnochemie dei Teeg und des Weinee. Zteehr 

f. Untersuch. der Lebensmtl., 73; 154-164. 1937. 



THE EFFECT OF STILBESTROL AND ANTERIOR PITUITARY 
EXTRACT UPON LACTATION IN GOATS* 

A. A. LEWIS AND C. W. TUBNEE 
Department of Dairy Hushemdry, University of Missouri 

The production of fully developed lactating mammary glands during 
pregnancy requires a high degree of sjmchronization between the pituitary, 
ovaries and placenta. The entire mammary developmental process can be 
stimulated by the artificial administration of now available natural and syn¬ 
thetic hormones to virgin or castrate animals. The administration of a 
synthetic estrogen (diethylstilbestrol) which has many physiological.proper¬ 
ties of the natural estrogens, to animals with intact pituitaries, causes the 
development of complex mammary duct systems such as are present in the 
virgin but mature animal (Turner for review, 51). In at least two species, 
the guinea pig and monkey, estrogens cause the development of complete 
mammary glands with lobule-alveolar systems such as are present at mid- 
pregnancy. But in most specJes so far studied the addition of progesterone, 
the corpus luteum hormone, to this estrogen treatment greatly facilitates the 
growth of the mammary gland and carries the development to completion 
in animals with intact pituitaries (51). 

In addition to their mammary growth-stimulating properties, estrogens 
have the ability to cause a great increase in the secretion by the anterior 
pituitary of the lactogenic hormone, which is necessary for the initiation and 
maintenance of lactation (44, 31, 36). This simulates the condition at nor¬ 
mal parturition when estrogenic action becomes dominant over that of pro¬ 
gesterone and lactogen secretion pours into the blood and causes the great 
surge of milk secretion at that time (37, 38). Lactation after parturition 
comes from fully developed lobule-alveolar glands the growth of which has 
been stimulated by estrogen and progestin during pregnancy. With the 
administration of estrogen, however, milk secretion can be induced in less 
fully developed glands. 

The synthesis by English workers of a drug, diethylstilbestrol, which has 
many of the properties of the natural estrogens and in addition is active on 
oral administration and can be produced cheaply has stimulated experimen¬ 
tation on the stimulation of growth of the mammary gland and lactation in 
dairy animals. 

Folley ct al (17) reported that diethylstilbestrol dipropionate ointment 
applied to the udders of three virgin goats caused copious lactation. Three 
virgin heifers responded only slightly (17,18). Lewis and Turner (29, 30) 
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induced lactation in two virgin kids, one of which was a castrate, and in two 
yearling does given subcutaneous injections of diethylstilbestrol. An aged, 
sterile cow lactated from the single normal quarter of the udder on diethyl¬ 
stilbestrol treatment (28). Walker and Stanley (52) secured a maximum 
of 14 and 16 pounds of milk daily from a castrate heifer and a sterile cow 
after several months’ injection of diethylstilbestrol dipropionate plus testo¬ 
sterone propionate. Folley and Young (21) showed that a crude anterior 
pituitary extract would increase the milk yield of a diethylstilbestrol treated 
goat or bring into heavy lactation one which had not responded to the 
estrogen. 

Lactation has also been reported from goats due to the action of other 
estrogens plus anterior pituitary extract. DeFremery (11) reported that 
percutaneous inunction of the udder with estradiol benzoate caused the 
development of goat udders of parturient type. Anterior pituitary extract 
then produced abundant lactation. Trautman and Kirchhof (50) gave 
orally a total extract of ovary (Oestruzyl) plus an anterior pituitary extract 
and secured from 480 to 900 ml. of milk daily from several goats. 

Anterior pituitary extract alone was reported by Evans (13) to cause 
considerable lactation in virgin and dry goats and cows whereas Catchpole 
et ah (9) and Asdell (2) had little success with this treatment. 

PROCEDURE 

During subcutaneous administration of dieth;^lstiIbestrol, the chemical 
was given once daily dissolved in oil. Injections were made in front of or 
behind the shoulders. For percutaneous administration diethylstilbestrol 
was dissolved in 70 per cent alcohol. Sufficient carrier was used to cover the 
udder when released at the dorsal margin and allowed to run over the skin 
with some manual spreading. The long hairs were clipped from the udder 
at the beginning of the experiment. The alcohol quickly evaporated. For 
oral administration diethylstilbestrol was mixed with glucose and the daily 
dosage added to the grain fed. It appeared to be quite palatable in this 
form. Hard pellets of diethylstilbestrol dipropionate weighing 100 mg. were 
implanted subcutaneously behind the shoulder through an incision in the 
sirin g 

The anterior pituitary extract used was an initial extract prepared by 
A. J. Bergman of this laboratory. It contained 4000 I.U. of lactogen per 
gram, 8000 chick units of thyrotropin, 1000 chick units of gonadotropin, 250 
guinea pig units of blood-sugar-raising principle and 100 chick units of 
adrenotropin as assayed by Mr. Bergman. 

The goats in this experiment were on dry feed at all times consisting of 
alfalfa hay and a mixed grain rati(p^ They were milked twice daily. 

1 The diethylstilbestrol powder was contributed by Merck and Co. and the pellets by 
the Blue Line Chemical Co., St. Louis. 
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COMPARISON OP DIFFERENT METHODS OF ADMINISTRATION 

We have already reported that subcutaneous injection of diethylstil- 
bestrol was effective in initiating and mamtaming lactation in goats (29, 30). 
This method of administration has perhaps less practical application than 
others such as percutaneous application to the udder, implantation of pellets 
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Fig. 1. Effect of dwthylstilbestrol and pituitary extract on lactation in goats. 

or e&pecially oral treatment We therefore wished to compare the eflEective- 
ness of these different methods of administration in goats. 

Administration of hormones by subcutaneous injection is probably the 
most common means use^ for laboratory animals and the method first nsed 
by us in giving diethylstilbestrol to goats. Besides the four goat lactations 
previously reported, two additional lactations have been secured from goats 
by injection of diethylstilbestrol. Goat #310, which had failed to respond 
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to percutaneous application, readily came into production on i mg. per day 
by injection and reached a production of a liter a day after a single dose of 
anterior pituitary extract (fig. 1). No. 231, a virgin yearling goat, produced 
over 500 ml, of milk a day on a similar injection dosage after failing to 
respond to oral treatment. Also we previously reported eight months of lac¬ 
tation from #371 given the same dosage (29, 30). She continued to lactate 
for seven more months and with periodic injections of anterior pituitary 
extract she recovered to her previous peak of production, ie., 600 ml. (fig. 1). 

Administration of diethylstilbestrol by subcutaneous injection appears 
to be an ejBScient method of initiating lactation in goats. A very low dosage 
was required. The labor of treatment could be reduced by giving two or 
three injections a week instead of daily. 

Percutaneous treatment of laboratory animals with estrogens has been 
shown to be efficient in causing genital changes (53, 10, 42) and mammary 
gland growth (47, 33, 24). We found that 0.01 mg. of diethylstilbestrol 
applied daily to the shaved skin would cause extensive mammary gland 
growth in male rabbits in 30 da>T? (32). 

Percutaneous inunction of the udder is a convenient method of adminis¬ 
tration of diethylstilbestrol. This is the method used by Folley et al (17, 21) 
who treated the udders of goats three times a week giving a total of 30 mg. 
We found that 7 and 14 mg. per week were ineffective in a mature dry goat 
(#310) but 28 mg. promptly brought a second goat (#588) into lactation. 
Pour milligrams daily applied to the udder favorably affected the established 
lactation of #310 but 10 mg. had little effect on the lactation of a cow (28). 
One-quarter milligram daily by injection caused copious lactation in the first 
goat and in several others. According to these results on a dosage basis 
injection of diethylstilbestrol is much more efficient than percutaneous ad¬ 
ministration in causing lactation in goats. Eight times our usual injection 
dosage did not cause lactation while 16 times the subcutaneous dosage was 
effective. 

Oral administration of a drug has considerable advantage over other 
methods for clinical or practical use in farm animals. In comparison to the 
subcutaneous dosage diethylstilbestrol has been shown to be comparatively 
much more active orally on the genital organs and mammary glands than are 
the natural estrogens in laboratory animals (30,27,41) and in primates (35, 
23,7). 

Oral administration for other purposes than milk secretion has been 
shown to require about five times the dosage of diethylstilbestrol as by injec¬ 
tion. When we gave* this amount (1.25 mg. daily) to three goats (#373, 
#855, #231) no lactation response was secured for 50 to 123 days. No. 355 
gradually began to lactate when raised to 2.5 mg. daily and responded to 
anterior pituitary extract. However, #375 responded to an anterior pitui¬ 
tary extract injection with lactation when being given only 0.625 mg. per 
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day (fig. 1). Ten times the injection dosage to a fourth goat (#360) had no 
effect, but she began to lactate when 5 mg. were given daily. These three 
goats which finally lactated on oral treatment produced a Tna v iTmiTn of 
about 300 ml. of milk daily. Prom our previous results we had expected 
them to exceed 500 ml. Indeed one of these goats (#373) had lactated for 
six months with a maximum of 550 ml. under diethylstilbestrol injections the 
previous year. One of the three goats (#231) which did not respond to 5 
times the injection dosage reached 575 ml. of milk per day when given J mg. 
daily injections. 

Why these goats did not respond better to oral dosage is uncertain. It 
may be that diethylstilbestrol is destroyed in the rumen and if placed directly 
in the reticulum the treatment might have been more effective. These goats 
may have been more recalcitrant to diethylstilbestrol treatment than usual 
and would have responded to anterior pituitary extract injection sooner. 
Polley and Young reported such a case (21). In a trial of the effect of 
diethylstilbestrol on the chemical enrichment of milk produced by dairy cows 
Polley et al. (19) also found that oral administration did not have the 
expected effect. 

Subcutaneous implantation of pellets is the mode of administration of 
diethylstilbestrol involving the least labor. The continuous absorption of 
the hormone makes for more efiScient use, and it has been shown to be quite 
effective (12, 23). MacBryde ct al, (34) reported that on a dosage basis 
pellets were 5 to 10 times as effective as injections in castrate women. The 
effect of 100 rag. pellets lasted for 400 to 800 days. Prom 0.127 to 0.25 mg. 
was absorbed daily. We used the dipropionate form in this case which is 
somewhat more slowly dissolved. 

Two virgin yearling goats (#369, #367) each of which had a 100 mg. 
subcutaneous pellet of diethylstilbestrol dipropionate came into milk pro¬ 
duction after a long latent period. With the addition of anterior pituitary 
extract at 25-35-day intervals production rose to 350 ml. (fig. 1). This 
greatly exceeded the production secured the previous year from these goats 
when treated by injection. This was in spite of the removal of half of the 
udder after the previous lactations. It seems probable that the long latent 
period could have been shortened by the earlier administration of anterior 
pituitary extract. As will be shown in another report, considerable growth 
of the mammary glands occurred. It appears probable that implantation of 
pellets or crj^stals of diethylstilbestrol is a very efiScient method of securing 
milk production from virgin or dry dairy animals especially in combination 
with anterior pituitary extract. 

EFFECTS OF ANTERIOR PITUITARY EXTRACT INJECTION 

Anterior pituitary extracts have been shown to be effective in bringing 
into lactation laboratory animals with prepared mammary glands (51). 
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Folley (21) reported a case of a goat which did not come into milk produc* 
tion on diethylstilbestrol administration until anterior pituitary extract had 
also been given. In addition there have been several reports that anterior 
pituitary extract injections will increase milk production in lactating cows 
(4, 20), and women with deficient lactation (26, 45, 25). Sykes et cd. (49) 
obtained good results in cows with a fat metabolism extract of anterior pitui¬ 
tary but poor results with a lactogenic extract. 

Single injections of anterior pituitary extract seemed to have an acti¬ 
vating effect on lactation in diethylstilbestrol-treated goats. Instead of there 
being a brief rise in production, production tended to improve for some days 
after the injection. The time from injection to the subsequent decline in 
production was 62, 43, and 47 days with successive injections in #367. In 
the case of #369, peaks occurred 67, 18, 10, 7 days after injection. With 
#310 production did not decline for 37 and 38 days after single Injections 
of anterior pituitary extract. In the case of #371, production continued to 
rise for 13, 25, 20 and 36 days after anterior pituitary extract injections. 

The amount of increase in production from anterior pituitary extract 
injections was gratifying in most cases. The best percentage increases in 
the case of goats already producing fairly well were 100 per cent (#367) ; 
110 per cent (#369); 90 per cent (#371) and 150 per cent (#310). Other 
responses were less. No. 369 responded better to 100 mg. injections than 
to 77 mg.; 1 mg. per pound of body weight. No. 373 did not respond at all 
to such an injection. 

An initial extract of anterior pituitary proved to be a valuable addition 
to diethylstilbestrol therapy of goats. We previously reported the use of a 
more purified lactogenic extract of anterior pituitary under similar condi¬ 
tions (29, 30). Lactogenic extract did not prove to be as effective as an 
extract with 95 per cent of the inactive protein removed but containing large 
amounts of other anterior pituitary hormones such as thyrotropin, adreno- 
tropin, blood-Bugar-raising principle, gonadotropin and possibly other un¬ 
assayed factors. This is in agreement with the results of other investiga¬ 
tions on the effects of anterior pituitary extracts on milk production (4, 20). 
Although lact(^en is the principal hormone controlling initiation and main- 
tfflaance of lactation other anterior pituitary factors act synergistically with 
laetc^en in the galactogogic effect (5). Thyrotropin especially, acting 
through the thyroid gland, causes an increase in metabolism of cells and in 
quantity of milk production. Since administration of estrogens causes a 
great increase in lactogen output of the pituitary; lactogen should not have 
been a limiting factor in these lactations. 

Further evidence that the respond to anterior pituitary extract observed 
in tluB study was not a response primarily td lactogen is provided by a study 
of the dosages adikiinistered. To bring a pieudo-pregnant rabbit into good 
lactation requires 260 McShan-Tumer units of lactogen or 33 McShan- 
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Turner units per pound body weight given in six daily injections (6). At 
this rate a 75-pound goat should require 2475 McShan-Tumer units in pro¬ 
portion to body weight. This amount of lactogen was contained in 495 mg. 
of the lactogenic extract used previously or in 614 mg. of initial anterior 
pituitary extract used in this study. The lactogenic extract was given at 
the rate of one milligram per pound of body weight per day for 6 to 12 days. 
The response was almost immediate in three cases and lasted little beyond 
the period of injections. Averaging the milk production for 10 days before 
and after these injections the increase in production amounted to 6 and 14 
per cent (#373), 19 and 1 per cent (#371). However, when a single 100 
mg. injection of initial anterior pituitarj’' extract was given the increase in 
production was as high as 150 per cent and continued for as long as 30 to 40 
days. Thyrotropin has a prolonged effect on metabolism in some cases, but 
it also affects the heart rate (43). The pulse rate of five of these goats was 
recorded daily for 48 days after a single injection of 100 mg. of anterior 
pituitary extract. There was no apparent effect in four cases in which good 
lactation response was secured. The pulse rate of the fifth goat increased 
from 93 to 136 beats per minute and remained above 100 for 41 days. This 
goat did not increase in milk production in response to the anterior pituitary 
extract injection. Probably the response to initial anterior pituitary extract 
was due to a combination of the various pituitary factors contained therein. 

Administration of estrogen may not increase the production of other 
pituitary hormones as it does that of lactogen (46, 39). By supplying a 
whole extract of anterior pituitary, we were increasing the supply of other 
pituitary hormones needed for increased milk production. 

THE EFFECT OF NON-CONTINUOUS ADMINISTRATION OF 
DIETHYLSTILBESTBOL 

Walker and Stanley (52) reported that intermittent treatment with 
diethylstilbestrol dipropionate could be used to cause further increases in 
milk production in a virgin cow which had been brought into production 
with injections of the hormone. 

We have tried the effect of stopping treatment after a peak of production 
had been reached and a decline had set in in 9 cases. Stopping treatment 
generally seemed to have the effect of terminating the decline in production 
in most cases within one to seven days (#360, #355, #231, #427,^'^ #371^ 
#373). Production either returned to normal (#360, #355, #231) 
or increased somewhat for 2 to 10 days (#588, #427,^ * #371, #373)* 
A decline again set in after 10 to 25 daj^s (#588, #427,^* * #371, #373)* 
No effect of stopping treatment was observed in one case (#310^). Pro¬ 
duction continued to decline for 24 days in another (#310®). 

When treatment was resumed after 22 to 72 days the results were vari¬ 
able. Production tended to level off after a latent period of 1 to 12 days 
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(#231, #427, #310' *) and then dropped in three eases (#231, #310*, 
#427), increased for 2 days then slowly declined (#355), dropped and 
then recovered (#360, #588) or had no effect (#371). 

A decline in production from diethylstilbestrol treatment may occur 
after a time due perhaps to the accumulation of excess hormone or to loss 
of its effectiveness. If treatment is then terminated production may 
plateau or even recover somewhat and then again begin to decline. Resump¬ 
tion of daily treatment at this time was not usually successful in holding 
up production for long. Injection of anterior pituitary extract was much 
more efficacious. 

EFFECT OP DIETHYLSTILBESTROL ON PARTURIENT GOATS 

It was considered that the effect of diethylstilbestrol on normal parturi¬ 
ent goats already in milk should be investigated. If this chemical were 
capable of increasing the milk production of such dairy animals, it would 
be of considerable practical advantage. There are many reports, however, 
that estrogens will inhibit lactation as well as reports to the contrary (see 
36 for review). Policy (14) reported that estradiol benzoate and estrone 
caused a reduction of 20 per cent in milk production of cows but the milk 
was richer in fat and solids not fat. Diethylstilbestrol implanted subcu¬ 
taneously or injected into lactating cows did not cause any reduction in milk 
volume but increased the proportion of solids in other cases (15, 48). 

Whether or not estrogens cause a reduction of milk production in lactat¬ 
ing animals is perhaps a question of dosage. High dosage will certainly 
inhibit lactation. We were interested in learning what dosages of diethyl¬ 
stilbestrol similar to those which caused lactation in dry goats would do to 
milk production in normal parturient goats. We have already reported the 
inconclusive results secured in two such cases (29, 30). 

Two additional parous goats which were already in milk were treated by 
percutaneous application of diethylstilbestrol. No. 351 served as the control 
at first and #837 was given 1 mg. per day. Both goats declined rapidly in 
production due probably to a spell of cold weather (November). The con¬ 
trol goat then recovered to 440 ml. while the production of the treated goat 
only rose to 180 ml. during the next month. The control goat (#351) was 
then given twice the dosage of diethylstilbestrol. Production promptly 
plunged from 430 ml. to 40 ml. in 15 days where it was maintained during 
the next 50 days in spite of termination of treatment. An injection of 100 
mg. of anterior pituitary extract had no effect. 

The administration of diethylstilbestrol to parturient goats was at least 
of no obvious advantage on volume of milk production from mammary 
glands already in secretion. The early ^edine in production of #837 when 
diethylstilbestrol was applied to the udder would have looked like a clear 
ease of suppression of lactation if the control goat had not declined similarly. 
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The poor recovery of #837 may or may not have been due to the treatment. 
The response of #351 might be considered a clear-cut case of suppression 
of lactation except that the dosage used (2 mg.) had proven inadequate for 
the initiation of lactation in a dry goat (#310). Twice that dosage readily 
brought a second goat (#588) into heavy lactation and when used later on 
#310 in the declining phase of her lactation it caused a precipitous, though 
temporary, rise. That a certain dosage of diethylstilbestrol would bring dry 
goats into long sustained lactation and yet would cause normal parturient 
goats to dry up does not appear rational in the present state of our knowledge. 

EFFECT OF DIETHYLSTILBESTROL TREATMENT ON THE FUTURE 
BREEDING HISTORY 

The effect of diethylstilbestrol on the subsequent reproductive ability of 
treated animals is of considerable practical interest. If no permanent dele¬ 
terious influence is to be expected, diethylstilbestrol might be useful in such 
cases as when goats, which have a seasonal breeding period, have failed to 
conceive. Thus, instead of losing a yearns production, these open goats 
could be made to pay for their keep. There would also be less prejudice 
against diethylstilbestrol treatment of cows which have failed to breed but 
which might eventually recover. According to Allen et ah (1), many de¬ 
scriptions of ovaries following estrogen treatment have reported inhibiting 
or depressing effects on follicular development. This probably occurs 
through a depressing effect on the follicle-stimulating hormone of the ante¬ 
rior pituitary. If the hormone treatment is not too severe, the depression 
may be temporary and the ovaries may recover fully soon after treatment 
is stopped. 

Most of the diethylstilbestrol treated goats in this experiment were under 
continuous treatment for long periods of time. On the other hand, the 
amount of chemical administered was kept as low as was practical. Under 
these conditions most of the goats showed cyclic estrus; that is, there were 
periods during which the characteristic signs of estrus were especially promi¬ 
nent and they would accept the buck more readily. At these times milk 
production tended to decline temporarily. Similar cyclic response to con¬ 
tinuous estrogenic treatment has been reported in laboratory animals (8). 

The ovaries of these diethylstilbestrol treated goats were examined at 
autopsy after termination of the treatments. The ovaries from #371, 
which was under almost continuous diethylstilbestrol treatment for*428 days, 
were definitely abnormal. They appeared to have degenerated until normal 
ovarian tissue was absent. On the other hand, the ovaries from #310 were 
normal in appearance at autopsy weighing 5.46 gm. and containing several 
large follicles. No. 310 had had a rest period of 72 days without treatment 
shortly before autopsy which might have allowed some recovery to occur. 
No. 371 also had a 29-day rest period. The ovaries of #231, #373 and 
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;^355 were in an essentially normal although quiescent condition while one 
ovary of #360 had a corpus luteum. No. 369, which had had a series of 96 
daily injections and then a subcutaneous pellet for 331 days, a total of 427 
days, had ovaries which weighed 12.7 g. and contained several 2 cm. follicles. 
These ovaries would undoubtedly have recovered promptly on cessation of 
treatment. 

Two normal parturient goats (#370, #443) had been given daily injec¬ 
tions of diethylstilbestrol for 20 and 107 days respectively. They were 
rested 49 and 157 da3rs and then were given 5 to 6 ml. injections of pregnant- 
mares-serum extract (Gonadin*) at 16-day intervals. No. 370 bred after 
each of three treatments but apparently did not conceive. No. 443 con¬ 
ceived after the second treatment (April) and bore a rather small but 
otherwise normal kid. 

Thus in only one case after 15 months treatment with diethylstilbestrol 
was an abnormal condition of the ovaries found. The ovaries of three goats 
were quiescent with very small follicles. One goat had large follicles; a 
second had normal sised follicles; a third had a corpus luteum indicating 
that ovulation must have occurred. That such ovaries were capable of 
recovering their normal function is shown by the response of two goats to 
gonadin treatment. 

THE ETFECT OF DIETHYIiSTIIiBEBTROL IN PREGNANT GOATS 

There have been many reports of the termination of pregnancy by admin¬ 
istration of estrogens (1). This is a dosage problem for small dosages may 
not affect pregnancy. The greater the interval between fertilization and 
initial treatment the larger the amount of estrogen tolerated. Abortion has 
been reported in sheep within 1 to 8 days of the injection of 20,000 inter¬ 
national benzoate units (3). FoUey and Scott-Watson (16) reported abor¬ 
tion in two of four cows in late pregnancy after 13 inunctions of the udder 
with 2.9 gms. of diethylstilbestrol dipropionate in 31 days. 

Our results with two goats do not substantiate this. The udder of goat 
#443 was smeared with 4 mg. per day of diethylstilbestrol from the 63rd 
to the 136th day of pregnancy and during the last 6 days. A normal kid 
was produced on the 149th day of pregnancy. A second goat (#360) was 
fed 1.25 mg. a day of diethylstilbestrol for the last 73 days of pregnancy 
and kidded normally. 

The dosage of diethylstilbestrol administered by Folley and Scott-Watson 
was 1,5 times that which we gave goat #443 on a body weight basis (assum¬ 
ing 1000-lb. cows). Possibly if the dosage to these goats had been several 
times greater, abortion would have resulted. However, dosages high enough 
to initiate milk secretion in dry goats did not cause abortion. 

* Contributed by the Cutter Laboratories.* 
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THE EFFECT OF DIETHYLSTILBESTROL ON THE BODY WEIGHT 
OF GOATS 

An adverse effect of diethylstilbestrol on body weight of laboratory ani¬ 
mals has been reported (40). Six to 10 mg. subcutaneous pellets caused a 
daily loss in body weight of 0.3 to 3.6 gm. in male and female rats (22). As 
low a dosage as 2 to 3 mg. a day caused a slight but definite inhibition of 
the growth of male rats (41). 

The body weights were available for nine of these goats taken at the 
beginning of long periods of treatment with diethylstilbestrol and again at 
termination (table 1). The periods of treatment were from 9.5 to 17 
months. Seven young female goats and two males gained from 20 to 43 
pounds during the treatment and were of essentially normal size for their 
age. The goats were in good health during the entire time. They appeared 
thrifty and ate well. One mature goat (#310) was thin for some time dur¬ 
ing her treatment and would not consume sufficient grain to gain weight. 
That this was due to the diethylstilbestrol treatment is doubtful. The two 
males listed had 200 and 277 mg. pellets of diethylstilbestrol dipropionate 
implanted subcutaneously. 

TABLE 1 

Gain in body weight of goats during continuous diethylstilbestrol treatment 




Body 

weight 

Termination 

Length of 
treatment 

Gain in 

Number 

Date 

Date 

Body 

weight 

body 

weight 



lbs. 


lbs. 

mos. 

lbs. 

231 

11/40 

48 

9/41 

72 

10.7 

24 

360 

3/41 

62 

10/41 

82 

6.7 

20 

355 

12/40 

38 

10/41 

64 

9.5 

26 

373 

4/40 

48 

10/41 

71 

15.3 

23 

371 

7/40 

75 

9/41 

98 

15.0 

23 

367 

7/40 

47 

10/41 

90 

14.3 

43 

369 

7/40 

42 

9/41 

78 

13.3 

36 

43 a 

11/40 

32 

9/41 * 

66 

11.0 

34 

833 a 
Castrate 

4/40 

86 

9/41 

113 

17.0 

25 


SUMMARY 

Administration of diethylstilbestrol by subcutaneous injection, orally, by 
inunction or diethylstilbestrol dipropionate by implantation of pellets 
caused copious and prolonged lactation in virgin and dry goats. This is 
significant because of the ability of estrogens to increase the anterior pitui¬ 
tary lactogenic output. One-quarter milligram per day was sufficient by 
injection. Oral administration appeared to be least effective up to 5 mg. 
per day or 20 times the subcutaneous dose. Inunction of the udder re¬ 
quired 4 mg. daily or 16 times the subcutaneous dose. Anterior pituitary 
extract was effective in augmenting the production caused by diethylstil- 
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bestrol by supplementing the increased lactogen output with other anterior 
pituitary factors or in initiating lactation in diethylstilbestrol-treated goats. 
Stopping daily treatment was sometimes effective in improving production 
for a time but restarting treatment had little effect. Hormone treatment 
of normal parturient goats was not beneficial on volume of production. 
Treatment during the last half of pregnancy had no deleterious effect in two 
cases. Ovaries were essentially normal after long periods of treatment with 
one exception. Two goats were bred out of season after termination of 
diethylstilbestrol injections. One conceived and bore a kid. No adverse 
effect on growth or health of the goats from diethylstilbestrol treatment was 
observed. 

REFERENCES 

(1) Allen, E., Hisaw, F. L., and Gabdnee, W. U. Chap. VIII in Sex and Internal 

Secretions, 2nd ed. Williams and Wilkins Co., Baltimore. 1939. 

(2) Asdell, S. a. Recent Developments in the Field of Sex Hormones. Cornell Vet., 

21: 147. 1931. 

(3) August, H. M. Beobachtungen iiber schwangcrschaft-salbrechendo Wirkung des 

Follikhormones bei Schafen. Berlin Munch-tierarztl. Wschr.: 153. 1939 (Seen in 
abst. Animal Breeding Abstracts, 7: 226). 

(4) Azimov, G. J., and Krouze, N. K. The Lactogenic Preparations from the Anterior 

Pituitary and the Increase of Milk Yield in Cows. Jour. Dairy Sci., 20: 289. 
1937. 

(6) Bergman, A. J., and Turner, C. W. The Specificity of the Lactogenic Hormone in 
the Initiation of Lactation. Jour. Dairy Sci., 23: 1229. 1940. 

(6) Bergman, A. J., Meites, J., and Turner, C. W. A Comparison of Methods of Assay 

of the Lactogenic Hormone. Endocrinology, 26; 716. 1940. 

(7) Bishop, P. M. F., Boycott, M., and Zuckerman, S. The Oestrogenic Properties of 

^‘Stilbestrol’^ (Diethylstilbestrol); a Clinical and Experimental Investigiition. 
Lancet, 236: 5. 1939. 

(8) Castillo, E. B., and Paola, G. Cyclical Vaginal Response to Daily Administration 

of Estradiol in Castrated Bats. Endocrinology, 30: 48. 1942. 

(9) Catghpole, H. R., Lyons, W. R., and Regan, W. M. Induction of Lactation in 

Heifers with the Hypophyseal Lactogenic Hormone. Soc. Exper. Biol, and Med. 
Proc., 31: 301. 1933. 

(10) Chamberlin, T. L., Gardner, W. U., and Allen, E. Local Responses of Sexual 

Skin” and Mammary Glands of Monkeys to Cutaneous Application of Estrogen. 
Endocrinology, 28: 753. 1941. 

(11) De Fremsry, P. On the Influence of Different Hormones on Lactation. Jour. 

Physiol., 87 : 50. 1936. 

(12) Emmens, C. W. Rate of Absorption of Androgens and Estrogens in Free and 

Esterified Form from Subcutaneously Implanted Tablets. Endocrinology, 28: 
633. 1941. 

(13) Evans, E. E. Initiation of Copious Milk Secretion in Virgin Goats by Anterior 

Pituitary. Soc. Exper. Biol, and Med. Proc., 30: 1372. 1933. 

(14) Folley, 8 . J. Effect of Oestrogenic Hormones on Lactation and on Phosphatase of 

Blood and Milk of Laetating Cows. Biochem. Jour., 30 : 2262. 1936. 

(15) Folley, S. J., and Scott-Watson, Hia^af. Some Biological Properties of Diethyl- 

stilbestroL Lancet, 235 : 423. 1938. 



LACTATION IN GOATS 


907 


(16) Folley, 8. J., AND Scott-Watson, Helen. Induction of Abortion in the Cow. 

Lancet, 237: 788. 1939. 

(17) Folley, S. J., Scott-Watson, Helen, and Bottoailey, A. C. Induction of Lacta¬ 

tion in Goats with Diethylstilbestrol Bipropionatc. Jour. Physiol., 98: 15. 
1940. 

(18) Folley, S. J., Scott-Watson, Helen, and Bottomley, A. C. Initiation of Lacta- 

in Nulliparous Heifers by Diethylstilbestrol. Jour. Physiol., 100: 7. 1941. 

(19) Folley S. J., Scott-Watson, Helen, and Bottomley, A. C. Experiments on the 

Chemical Enrichment of Cows Milk by the Administration of Diethylstilbestrol 
and its Dipropionatc. Jour. Dairy Bcs., 12: 1. 1941. 

(20) Folley, S. J., and Young, F. G. Further Experiments on the Continued Treatment 

of Lactating Cows with Anterior Pituitary Extracts. Jour. Endocrinol., 2: 226. 
1940. 

(21) Folley, S. J., and Young, F. G. Artificial Induction of Lactation in Virgin Ani¬ 

mals. Nature, 148: 563. 1941. 

(22) Forbes, T. R. Absorption of Pellets of Crystalline Testosterone, Testosterone 

Propionate, Methyl Testosterone, Progesterone, Desoxycorticosterone and Stil- 
bestrol Implanted in the Rat. Endocrinology, 29: 70. 1941. 

(23) Guldbebo, E. Echte Menstruation bei eincr kastrierten Frau nach zufur von 

synthetisch hergestellen Hormonstoffen. Zentralbl. f. Gynak., 62: 2584. 1938. 
^24) Jadassohn, W., ITehlingher, E., and Zurcher, W. Zur vergosserung der meer- 
schwein eheinbrustwarze durch hormone der ‘Hokale folliculineffect. ^ ’ Klin. 
Wchnschr., 16: 313. 1937. 

(25) Kenny, M., and King, E, Effect of Prolactin on Lactation in Nursing Women. 

Lancet, 237: 828. 1939. 

(26) Kubzrok, R., Bates, R. W., Riddi^e, 0., and Miller, E. G. Clinical Use of Prolac¬ 

tin. Endocrinology, 18: 18, 1934. 

(27) Leighty, j. a., and Wick, H. J. Diethylstilbestrol Compared to Estrone in Caus¬ 

ing Estrus in Spayed Mice; and in Conjunction with Progestin in Inducing Sexual 
Receptivity in Spayed Guinea Pigs. Endocrinology, 26: 597. 1939. 

(28) Lewis, A. A. Artificial ITdder Growth and Lactation. Jersey Bui., 61: 459. 1942. 

(29) Lewis. A. A., and Turner, C. W. Effect of Rtilbestrol on the Mammary Gland. 

Amor. Soc. Anim. Prod. Proc., 33: 63. 1940. 

(30) Lewis, A. A., and Turner, C. W. Effect of Stilbcstrol on the Mammary Gland of 

the Mouse, Rat, Rabbit and Goat. Jour. Dairy Sci., 24: 845. 1941. 

(31) Lewis, A. A,, and Turner, C. W. Effect of Stilbestrol on the Lactogenic Content 

of Pituitary and Mammary Glands of Female Rats. Soc. Expt. Biol, and Med. 
Proc., 48: 439. 1941. 

(32) Lewis, A. A., and Turner, C. W. Mammogen and Unilateral Mammary Gland 

Growth in the Babbit. Endocrinology, 30 : 985. 1942. 

(33) Lyons, W. P., and Sako, Y. Direct Action of Estrone on the Mammary Gland. 

Soc. Expt. Biol, and Med. Proc., 44: 398. 

(34) MacBryde, C. M., Freedman, H., Loeefel, E., and Allen, D. Estrogenic Therapy 

by Implantation of Stilbestrol Pellets. Soc. Expt. Biol, and Med. Proc., 43: 212. 
1940. 

(35) MacBryde, C. M., Freedman, H., Loeffel, E., and Castrodale, D. The Synthetic 

Estrogen Stilbestrol, Clinical and Experimental Studies. Jour. Amer. Med. 
Assoc., 116; 440. 1940. 

(36) Meites, j., and Turner, C. W. Studies Concerning the Mechanism Controlling the 

Initiation of Lactation at Parturition. I. Can Estrogen Suppress the Lacto¬ 
genic Hormone of the Pituitary? Endocrinology, 30: 711. 1942. 



908 A. A. LEWIS ANJD C. W. TURNER 

<37) J,, anjo Tuenxr, G. W. Studies Gonceniiiig the Mechanism Controlling the 

Initiation of Lactation at Parturition. II. Why Lactation Is Not Initiated 
During Pregnancy. Endocrinology^ 30: 719. 1942. 

(38) Msmcs, and Turnse, 0. W. Studies Concerning the Mechanism Controlling the 
Initiation of Lactation at Parturition. III. Can Estrogen Account for the 
Precipitous Increase in the Lactogen Content of the Pituitary Following 
Parturition f Endocrinology^ 30: 726, 1942. 

<39) Meites, J., Bergman, A. J., and Turner, C. W. Unpublished data. 

(40) Noble, B. L. Effect of Synthetic Oestrogenic Substances on the Body Growth and 
Endocrine Organs of the Bat. Lancet, 235: 192. 1938. 

(42) Noble, B, L. Effects of Continuous Oral Administration of Aqueous Diethylstil- 
bestrol Solutions to Bats. Jour. Endocrinology, 1: 128. 1939. 

(42) Palmer, A., and Zuckerman, S. Further Observations on the Similarity of Stil- 

bestrol and Natural Estrogenic Agents. Lancet, 236: 933. 1939. 

(43) Balston, N. P., Cowsert, W. C., Bagsd\lb, A. C., Herman, H. A., and Turner, C. 

W. The Yield and Composition of the MUk of Dairy Cows and Goats as In¬ 
fluenced by Thyroxine. Mo. Agr. Expt. Sta. Bes. Bui. 317. 1940. 

(44) Besoe, B. P., and Turner, C. W. The Lactogenic and Thyrotropic Hormone Con¬ 

tent of the Anterior Lobe of the Pituitary Body. Mo. Agr. Expt. Sta. Bes. Bui. 
266. 1937. 

(45) Boss, J. B. Prolactin—Its Effect on the Secretion of Women’s Milk. Endo¬ 

crinology, 22: 429. 3938. 

(46) Simpson, Miriam, and Evans, H. M. Hormone Content of Pituitaries of 

Oestiinised Bats. Anat. Bee., 79: 57 suppl. 1941. 

(47) Speert, H. Mode of Action of Estrogens on the Mammary Gland. Science, 92: 

461. 1940. 

(48) Spielman, a., Ludwick, L. M., and Petersen, W. E. Effect of Diethylstilbestrol 

on Milk Secretion. Jour. Dairy Sgi., 24: 499. 1941. 

(49) Sykes, J, £., Meuleman, W. L., and Huffman, C. W. Changes in the Fat Per¬ 

centage and Fat Yield of Dairy CJows with Injections of an Anterior Pituitary 
Preparation. Endocrinology, 30: 217. 1942. 

(50) Trautman, a., and ELirchhof, H. Beziehungen der Milchdruse zu den Ovarial- 

hormone (Oestrnzyl) und den laktotropen Hypophysenhormon. Dtch. tierarztl 
Wseh., 47 : 654. 1939. (Seen in abst. Animal Breeding Abstracts, 8: 142.) 

(51) Turner, C. W. Chap. XI in Sex and Internal Secretions, 2nd ed. Williams and 

Wilkins, Baltimore, 1939. 

(52) Walker, S. M., and Stanley, A. Jl Effect of Diethylstilbestrol Dipropionate on 

Mammary Development and Lactation. Soc. Expt. Biol, and Med. Proc., 48: 
50. 1941. 

(53) Zondek, B. Hormone d. Ovariuns u.d. Hypophysonvorderlappens. Vienna, p. 104. 

1935. 



JOURNAL OF DAIRY SCIENCE 


Volume XXV November, 1942 Number 11 

THE PAT METABOLISM OF THE MAMMAEY GLAND OP THE 
NORMAL COW AND OP THE COW IN KETOSIS 

•T. C. SHAW, ROSS C. POWELL, JR., and C. B. KNODT 
Department of Dairy Industry, Storrs Agricultural Experiment Station, 
University of Connecticut, Storrs, Connecticut 

Evidence was presented in previous publications (31, 33) that sufficient 
blood fat is taken up by the active mammary gland of the cow to account 
for most of the milk fat. More recent publications (24, 28) from this labo¬ 
ratory demonstrated for the first time the utilization of relatively large 
quantities of the intermediate product of fat metabolism, 3*hydroxybutyric 
acid, by the mammary gland of the cow. In ketosis it was observed that this 
utilization was increased by over 100 per cent and would account for the 
total oxygen consumption of the gland if oxidized for energy purposes. 
The acetoacetic acid and acetone fraction was not used in measurable quan¬ 
tities by the gland of either the normal cow or the cow with ketosis. As it 
is generally assumed that most of the tissues of the body utilize both 
3-hydroxybutyric aidd and acetoacetic acid for energy purposes it was con¬ 
sidered possible that 3-hydroxybutyric acid was used in direct synthesis, 
and the suggestion was made that some of the short chain fatty acids pecu¬ 
liar to milk fat were derived from this source (27). 

In this paper data arc presented on the effect of ketosis and glucose 
therapy in ketosis upon the character of the fatty acids synthesized by the 
mammary gland. 

Data are also presented on the source of energy for the mammary gland 
and on the cause of the low respiratory quotient during fasting. The vol¬ 
ume of blood per unit of volume of milk was calculated by a method less 
open to criticism than methods used previously. 

METHODS 

The following methods of analysis were used: blood glucose, the Somogyi 
(23) modification of the Shaflfer-Hartmann method; blood lactic acid, the 
method of Miller and Muntz (19), as modified by Koenemann (16) and 
Barker and Summerson (2); blood acetone bodies, the method of Barnes 
and Wick (3); blood calcium, the Clark-Collip modification (5) of the 
Kramer-Tisdall method; blood acid-soluble phosphorus, the method of Fiske 

Received for publication May 7, 1942. 
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and Subbarow (7); blood amino acids, the Folin method (8); blood fat, a 
modification (25) of the Allen (1) method; blood oxygen and carbon diox¬ 
ide, the method of Van Slyke and Neill (37); hemoglobin, Evelyn and 
Malloy (6); milk calcium and phosphorus, Morris, Nelson, and Palmer (20); 
lactose, the method of Bierman and Doan (4). Milk fat was determined 
by the Babcock method. The various milk fat constants were determined 
by the methods approved by the Ajssoeiation of Official Aigricultural Chem¬ 
ists. The iodine value was determined by the Hanus method. Arterial and 
mammary venous blood samples were taken as i)reviously described (26, 31). 

EXPERIMENTAL 

An examination was made of the effect of severe clinical ketosis, chronic 
ketosis, and the administration of large quantities of glucose in ketosis upon 
the type of fatty acids in the milk fat as measured by the various fat 
constants. 

Table 1 contains a summary of the results. In severe clinical ketosis 
characterized by ketonemia, hypoglycemia and varying degrees of inanition 
the Beichert-Meissl, Polenske, and saponification values of the milk fat were 
considerably below normal and the iodine values were elevated markedly. 
In less severe ketosis and chronic ketosis characterized by ketonemia and 
hypoglycemia but differing from the above in that the food intake was nor¬ 
mal, the short chain fatty acids were present in more nearly normal quan¬ 
tities and the degree of unsaturation was much less. 

Two cows, Pa-1 and N-34, were treated for severe ketosis by pumping 
6 lbs. of glucose into the rumen. Blood and milk samples were obtained 
prior to and for the first few days following treatment. The administration 
of glucose produced a marked increase in blood glucose and lactic acid for 
the following 2 days and a decrease in blood ketone bodies. Within 36 to 
48 hours the short chain fatty acids of the milk fat increased significantly 
as shown by the saponification values of the milk fat of animal Pa-1 and the 
Beichert-Meissl and saponification values of the milk fat of animal N-34. 
The appetite of N-34 improved immediately and the increase in the short 
chain fatty acids could have been due in part to the increased intake of food 
substances other than glucose. The increase in the short chain fatty acids 
of the milk fat of animal Pa-1, how^’ever, appeared to be due directly to the 
glucose therapy as the animal was almost completely off feed for the first 
2 days following treatment. 

It was expected that the degree of unsaturation of the fatty acids of the 
milk fat would decrease with the increase in the percentage of the short 
ohain fatty acids following glucose therapy. Instead there was an increase 
in the iodine numbers of the milk fa# o| both ftniT niilfi 

While the Beichert-Meissl values increased shortly after glucose adniinis<^ 
tration in animal N-34, the Polenske value was not materially affected. 
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TABLE 1 


The effect of Icetosis and glucose therapy in Icetosis upon the character of the 
fatty acids of milJc fat 




1 Blood substaneoB 

Milk fat constants 


Cow 

Late and 
time 

Acetone bodies 
(as acetone) 

Glucose 


Reichert-Meissl 

value 

Polenske value 

Saponification 

value 

Iodine value 

Remarks 



mfi.% 

rng,% 

: nig.% 






P-1 

2- 3-41 

53.7 

20.9 

5.0 

i 

22.3 

1.5 

213.5 

46.8 

Eating small quan¬ 
tity of hay only 


2- 7-41 

15.6 

36.0 

3.6 

25.6 

1.7 

216.4 

46.7 

Eating hay and 
some grain 


i 2-19-41 

3.0 

42.0 

7.4 

27.2 

1.4 

223.4 

40.4 

Normal appetite 


3-11-41 

5.1 

45.5 

8.3 

27.4 

2.9 

227.2 

38.5 

Normal appetite 

W-l 

3-15-41 

45.1 i 

15.5 

10.5 

18.0 1 

0.9 

212.4 

46.4 

Very poor appetite 

Pa-1 

i 

1 

4- 19-41 

5- 13-41 

A.M. 

P,M. 

I 5—14—41 

1.5 

18.5 

33.0 

18.2 

5.8 

3.0 

31.6 

2.9 

229.3 

219.4 

219.4 

34.8 

40.6 

41.0 

^ Normal appetite 

1 

Very poor appetite. 
Pumped 6 lbs. glu¬ 
cose into rumen 


P.M. 

5-15-41 

4.0 

41.5 

30.0 



223.3 

41.5 

Very poor appetite 

N-34 

A,M. 

5-16-41 

A.Ar. 

2-18-41 

17.4 

59.0 

30.0 



223.4 

223.0 

42.3 

42.5 

Very poor appetite 

Appetite improved 


A.M. 

2-19-41 

67.3 

15.5 

5.0 

25.4 

2.1 

215.6 

48.2 

Very poor appetite. 
Pumped 6 lbs. glu¬ 
cose into rumen 


A.M. 

2-20-41 

18.5 

46.3 

26.0 

25.0 

2.5 

214.8 

47.9 

Appetite improved 


A.M. 

13.7 

42.7 

10.2 

28.9 

2.3 

218.8 

51.4 

Appetite improved 


3-11-41 

33.5 

25.0 

6.4 

33.4 

2.8 

228.0 

41.1 

Normal appetite, 
chronic ketosis 


4-19-41 

13.2 

33.5 

6.7 

35.2 

3.8 

230.9 

35.9 

Normal appetite 
chronic ketosis 


5- 9-41 

46.1 

29.2 

7.2 

28.5 


226.3 

42.7 

Normal appetite 
chronic ketosis 


Likewise, the Polenske value did uot increase in the case of animal P-1 until 
several weeks after the Reichert-Meissl value returned to normal. 


DISCUSSION 

Previous work from this laboratory (26, 30) indicated that not only 
3-hydroxybutyric acid but also other fat may be oxidized by the mammary 
gland. In ketosis it was found that the gland used much more p-hs’droxy- 
butyric acid than the gland of the normal cow. As the short chain fatty 
acids of milk fat are lowered markedly in ketosis it is apparent that these 
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fatty acids are not derived from g-hydroxybutyric acid. It is probable, 
therefore, that this substance is oxidized by the gland for energy purposes. 

It is significant that the amount of P-hydroxybutyric acid utilized by 
the gland in ketosis would require practically all of the oxygen taken up by 
the gland for complete combustion, which indicates that all of the energy 
for the gland of the cow with severe ketosis may be derived from the oxi¬ 
dation of p-bydroxybutyric acid. If this hypothesis is correct it would be 
expected that there would be a rather constant maximum utilization in 
ketonemia in which the quantity of P-hydroxybutyric acid taken up by the 
gland would correspond to the energy requirements of the gland. In severe 
ketonemia where a large excess of p-hydroxybutyric acid is available, we 
have found that the gland uses approximately twice as much of this sub¬ 
stance as the gland of the normal cow and that this utilization remains 
approximately equal to but not significantly in excess of the amount of oxy¬ 
gen available for its complete combustion. If this is confirmed by work 
now under way, it may be possible to make direct calculations of the total 
energy requirements of the gland. 

Since the gland in ketosis was found to utilize approximately the same 
quantity of glucose as that of the normal cow (34), it was suggested that 
the increased utilization of p-hydroxybutyric acid was due to a shift from 
the oxidation of p-hydroxybutyrate and other fat of the gland to the sole 
oxidation of the former substance by the gland in ketosis. Assuming that 
this suggestion is valid, it should be pointed out that if the short chain fatty 
acids of milk fat are derived from the oxidation and subsequent reduction 
of the longer chain fatty acids, the former would decrease in ketosis. In 
fact, if the hypothesis suggesting a shift from the oxidation of other fat to 
the sole oxidation of P-hydroxybutyrate is correct, the failure of tlie short 
chain fatty acids to decrease in ketosis would represent a serious objection 
to the theory (13, 14) that these fatty acids are derived from the longer 
chain fatty acids. 

The data in table 1 shed considerable light upon this problem. It will 
be observed that the short chain fatty acids are lowered considerably in 
severe clinical ketosis. However, these animals were comsumiiig feed at 
sub-maintenance levels and the effect may have been due to fasting which 
is known to produce a decrease in the short chain fatty acids. Observations 
were made on animal W-1 on 4-19-41, and on animal N-34 (a case of chronic 
ketosis) on S-11-41, 4-19-41, and 6-9-41. It will be noted that the fatty 
acids of the milk fat approached normal at the time of these observations. 
An increased utilization,of p-hydroxybutyrate by the mammary glands on 
these dates would be es^ected on the basis of previous work (31), as the 
blood ketone bodies were quite high. Q^at such was the case was borne out 
by an arteriovenous experiment on animal N-34 on 5-9-41 showing a utili¬ 
zation of 5.0 mg. % of P-hydroxybutjrric acid, which is a little more than 
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double the average normal utilization (28). If there is a decrease in the 
oxidation of fatty acids other than p-hydroxybutyric acid by the mammary 
gland of the cow with ketosis, as suggested, the above findings represent a 
serious objection to the view that the short chain fatty acids are derived 
from the oxidation and subsequent reduction of the longer chain fatty acids. 

It is possible, of course, that the increased utilization of P-hydroxybutyric 
acid by the gland in ketosis may be associated with a decreased oxidation 
of carbohydrate or protein. As some deamination appears to take place in 
the gland (11, 29) the latter possibility must be entertained. Due to the 
limited amount of carbohj^drate which has been shovm to be available to the 
gland for other than lactose synthesis the suggestion that any such quantity 
of glucose undergoes oxidation in the gland appears unwarranted. The 
possibility of use by the mammary gland of carbohydrate or protein for 
energy purposes will be examined more fully in a later communication. 

The data in table 1 also have some bearing upon the question of the pos¬ 
sible synthesis of fat from earbohj^drate in the mammary gland. It wdll be 
noted that the blood sugar values of the four cows were extremely low when 
the initial samples were taken, ranging from 15.5 to 20.9 mg. per cent. The 
short chain fatty acids of the milk fat were also lowest at this time. The 
gradual increase in the blood sugar in animal P-1 from 20.9 to 45.5 mg. per 
cent was accompanied by a gradual increase in the percentage of short chain 
fatt}^ acids. Even more striking was the sudden increase in the short chain 
fatty acids following the administration of large quantities of glucose to 
animals Pa-1 and N-34. The Reichert-Meissl, Polenske, and saponification 
values of the milk fat of W-1 on 3-15-41 were the lowest of all the four 
animals. The blood glucose of this animal had been below 20.0 mg. per cent 
for several days prior to the taking of the samples. The appetite of this 
animal was also extremely poor during this period. The results strongly 
favor the possibility of the synthesis of some of the short chain fatty acids 
of milk fat from carbohydrate. 

Previously it had been reported by Graham et al. (10) that the respira¬ 
tory quotient of the active mammary gland of the goat exceeded unity. 
This has been confirmed by Shaw and Petersen (32) on cows and Reinecke 
et al, (21) on goats. The latter workers reported that the respiratory 
quotient of the mammary gland of the fasted goat was less than unity. This 
is confirmed on the cow by the data in table 2. The animal was fasted for 
a period of 54 hours. Arteriovenous samples were drawn at the end of 48, 
53, and 54 hours. The milk production of the animal was eight pounds per 
day at the beginning of the experiment, and declined to approximately one 
pound at the time the blood samples were taken. It will be observed that 
the utilization of amino acids, glucose, and fat was extremely small. The 
failure of the gland of the fasted animal to utilize amino acids has been 
reported previously by Reinecke et al, (22). It is possible that this cessa- 
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lion of the utilization of amino acids may be associated with the decline in 
the lower acids of milk fat during fasting. Since the B. Q. of the gland 
of the fasted cow was less than unity it was considered possible that there 
would be an increased oxidation of fat other than (3-hydroxybutyric acid for 
energy purposes, assuming that the normal gland oxidizes other fat. The 
formation of acetoacetic acid would constitute proof of such oxidation. 
However, there was no significant production of this substance. The failure 
to observe the production of acetoacetic acid does not, however, preclude the 
possibility of the oxidation of fat other than 3 -hydroxybut 3 npic acid by the 
gland. However, 3-hydroxybutyric acid continued to be used at approxi¬ 
mately half the normal rate. If the latter substance is oxidized for energy 
purposes, it may account, to a large extent, for the low respiratory quotient 
of the mammary gland of the fasted cow, as the complete oxidation of 
3-hydroxybutyric acid would i*esult in an R. Q. of 0.89. The oxidation of 


TABLE 2 

The effect of fasting upon the utilisfation of various hlood substances by the 
mammary gland of the cow 


Period 

of 

fasting 

Blood 

cone. 

change 

1 

Glucose 

Pat 

Amino 

acids 

Acetoacetic 
acid and 
acetone 

phydroxy- 

butyrie 

acid 

B. Q. 

hrs. 

% 

mg.% 

mg,% 

mg.% 

mg.% 

mg.% 


48 

0,00 

-4.8 

-1.2 

0.00 

+ 0.17 

-1.22 

0.76 

53 

0.33 

-1.6 

-0.10 

0.04 

+ 0.06 

-1.07 

0.8H 

54 

0.68 

-0.8 

-0.02 


+ 0.11 

-0.79 

0.87 


this substance would also tend to depress the respiratory quotient of the 
gland of the normal cow. As the R. Q. exceeds unity in the latter case, 
considerable synthesis of oxygen-poor from oxygen-rich substances may 
occur. 

We have observed that the feeding of cod liver oil, which produces a 
marked decrease in the short chain fatty acids, also results in a low respira¬ 
tory quotient (27). The decline in the short chain fatty acids which we 
observed following glucose administration (15, 27) appears to have been due 
to the animals going oft feed, as our more recent work (15) has shown that 
the feeding of large quantities of glucose in addition to the usual ration 
does not materially affect the various fat constants. 

There are a number of serious objections to the hypothesis that milk fat 
is synthesized from carbohydrate and defiinite conclusions will have to await 
the results of further investigation. The fact that the gland uses sufScient 
blood fat to account for practically all of the milk fat (31) cannot be 
ignored. Further work bearing upo|ifthis aspect of the problem is sum- 
xnarh^ in table 3. In these experiments the volume of blood per unit of 
volume of milk was calculated on the basis of the arteriovenous differences 
of calcium and phosphorus, and the total amounts secreted in the milk in 
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Blood 

precursor 


Mxpt. 1 
Calcium . 
Phos, 

Ca & P ... 
Fat 

Glucose 

p-OHBut. 


Gland 
utiliza¬ 
tion per 
liter of 
blood 


TABLE 3 

Mammary gland balance 


Suggested end 
product 


Milk 

substance 


Calcium 

Phos. 

Ca & P 
Fat 

Lactose 



28.50 

20.09 

48.59 

787.0 

1236.0 


Liters of 
blood 
required 

Liters 

of 

milk 

pro¬ 

duced 

Batio of 
blood 
volume 
to milk 
volume 

Per cent 
of milk 
substance 
accounted 
for 

12404.5 

8370.8 

25.30 

493-1 

331-1 


10338.5 


408-1 


12182.7 


482-1 

84.6 

12364.6 


489-1 

81.4 


Arteriovenous blood concentration change: 0.69 i>cr cent. 


Expt, S 
Calcium 

0.0016 

(Calcium 

17.69 

11056.3 

17.58 

629-1 

Phos. 

0.0022 

Phos. 

15.88 

7218.2 


411-1 

Ca & P 

0.0038 

Ca & P 

33.57 

8834.2 


502-1 

Fat 

0.0618 

Fat 

507.1 

8205.8 


467-1 

Glucose 

0.1010 

Lactose 

880.4 

8762.0 


496-1 

p-OHBut. 

0.0167 


. 





Arteriovenous blood concentration change: 0.00 per cent. 


Expi» ^ 
Calcium 

0.0020 

Calcium 

21.62 

10810.0 

17.71 

610-1 

Phos. 

Ca & P 

Fat 

0.0020 

0.0040 

0.0674 

Phos, 

(^a & P 
Fat 

18.10 

39.72 

720.3 

9050.0 

9930.0 

10687.2 


511-1 

561-1 

603-1 

Glucose 

0.1180 

Lactose 

915.8 

8608.6 


486-1 

p-OHBut. 

0.0147 1 

Art-eriovenous blood 

■ 1 • 

•oncentration change 

: 0.00 pe] 

r cent. 


Arteriovenous blood concentration change; 0.47 per cent. 


Arteriovenous blood concentration change: 0.00 per cent. 


Expt, 4 
Calcium 

0.0025 

Calcium 

21.62 

8648.0 

17.71 

488-1 

Phos. 

0.0021 - 

Phos. 

18.10 

8657.1 


489-1 

Ca & P . ... 

0.0046 

Ca & P 

39.72 

8652.0 


488-1 

Fat 

0.0724 

Fat 

720.3 

9949.2 


562-1 

Glucose .... 

0.1220 

Lactose 

915.8 

7506.7 


424-1 

p-OHBut. . 








Expt, 5 
Calcium . 

0.0019 

Calcium 

23.13 

12173.7 

18.72 

650-1 

Phos. . 

0.0020 

Phos. 

15.87 

7935.0 


424-1 

Ca & P -. 

0.0039 

Ca & P 

39.00 

10000.0 


535-1 

Fat . . 

0.0760 

Pat 

802.9 

10560.8 


564-1 

Glucose .. 

0.1200 

Lactose 

978.9 

8157.3 


546-1 

p-OHBut. 

0.0178 







Summary 
Calcium . 

0.0021 

Calcium 

22.52 

10931.1 

19.40 

563-1 

Phos.. 

0.0021 

Phos. 

17.61 

8246.2 


425-1 

Ca & P. 

0.0042 

Ca & P 

40.13 

9588.6 


494-1 

Pat . 

0.0684 

Fat 

707.5 

10317.1 


532-1 

Glucose — 

0.1122 

Lactose 

985.5 

9070.7 


468-1 

p-OHBut. .. 

0.0145 

. 




. 


Arteriovenous blood concentration change: 0.23 per cent. 
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a period of 24 hours. Determinations were also made of the utilizations of 
glucose, fat, and 3-hydroxybutyrie acid. The calcium, phosphorus, and fat 
were determined on plasma and were therefore converted to whole blood 
concentrations on the basis of the hematocrit values. The total amount of 
lactose and fat secreted in the 24-hour period was also determined. This 
method has the advantage over that used by Qrabam (9) in that excitation, 
which markedly affects arteriovenous differences (31), is largely avoided. 
If normal arteriovenous values are obtained and the total secretion of milk 
substances determined, it is not necessary to attempt to measure the rate 
of blood flow. It has a further advantage over the previous work of Shaw 
and Petersen in that the milk was analyzed in each experiment instead of 
taking the average analysis of the herd-milk. Batios calculated on the basis 
of calcium and phosphorus utilization and secretion indicate that sufficient 
blood fat is taken up by the gland to account for 92.8 per cent of the total 
fat secreted. The per cent of milk fat accounted for by blood fat on this 
basis ranged from 84.6 to 107.9 for the flve experiments. 

Smith and Dastur (35) found an inverse relationship between the oleic 
acid and the lower acids in experiments with fasted cows, and suggested that 
the lower acids are formed as by-products in the synthesis of oleic acid from 
carbohydrate. Beinecke et al. (21), flnding that the respiratory quotient 
of the mammary gland of the fasted goat was less than unity, suggested 
that only the lower acids were synthesized from carbohydrate. However, 
the fact that the B. Q. of the gland of the normal animal is greater than 
one, and that of the fasted animal less than one does not in any way con¬ 
tradict the suggestion of Smith and Dastur that the lower acids are by¬ 
products of the synthesis of oleic acid from carbohydrate. This is especially 
true as the synthesis of the lower acids only, from carbohydrate, would not 
explain the apparent inverse relationship between the lower acids and oleic 
acid. However, from the data presented in table 3 and on the basis of 
previous work it is apparent that sufficient blood fat is utilized by the mam¬ 
mary gland to account for most of the milk fat. It therefore appears highly 
improbable that both oleic acid and the lower acids of milk fat are synthe¬ 
sized from carbohydrate. It is true that a small quantity of oleic acid may 
be S3uithesized in this fashion, in which case the lower acids scarcely can be 
considered as by-products. This objection may be obviated to some extent 
if fat other than { 3 -hydroxybut 3 uio acid is oxidized for energy purposes, as 
has been suggested previously (24). 

Hilditch (12) has emphasized that any explanation of milk fat formation 
must be able to account ;for the presence of unsaturated acids other than 
(fleic acid in which the etbylenie linkage^ is situated in the same position as 
in (fleie acid. He has also insisted tUat the explanation must account for 
^*the v^ specifle and charaeterktic relationships of fully saturated glycer* 
ide content to total unsaturation.” He has suggested that the short obaiti 
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fatty acids arise from the oxidation and subsequent reduction of oleo- 
glycerides. Hilditch and his colleagues have also suggested that ‘Hhe final 
mixture of component glycerides is the consequence of a bio-hydrogenation 
process which lias operated after the precursor fatty acids (mainly palmitic 
and oleic) have been assembled into triglycerides.” The data of Shaw and 
Petersen (31) favor the proposal that the lower acids are the result of the 
oxidation and subsequent reduction of the longer chain fatty acids and they 
have suggested that this oxidation takes place to supply energy for the 
active mammary gland. In opposition to this suggestion is the finding of 
Graham (10) and others that the respiratory quotient exceeds unity. How¬ 
ever, the respiratory quotient may be misleading and cannot in itself be 
accepted as conclusive evidence of the type of metabolism taking place in 
any one organ (36). However, it is difficult to reconcile the suggestion that 
the lower acids are derived from the oleo-glycerides with the findings (table 
1) that there is a simultaneous increase in both the lower acids and in un¬ 
saturation following the administration of glucose to cows with ketosis. It 
is possible that the lower fatty acids and a small proportion of the oleic acid 
may be synthesized from carbohydrate. Possibly the increase in unsatura¬ 
tion following glucose therapy was due to the formation of lower unsat¬ 
urated fatty acids as well as oleic acid. It is significant that butyric and 
caproic acids, as shown by the Reichert-Meissl values, account for most of 
the increase in the lower acids following glucose therapy. The caprylic and 
eapric acids, as shown by the Polenske values, did not increase following 
glucose administration and in some cases did not return to normal for sev¬ 
eral weeks after the butyric and caproic acids had regained the normal level. 

Considerable work has been done on the utilization of carbohydrate by 
the lactating mammary gland, and previous publications (9, 26) indicated 
that practically all of the available glucose and lactic acid taken up by the 
mammary gland is required for lactose synthesis, leaving little available 
capacity for fat synthesis or for energy purposes. A small additional up¬ 
take of carbohydrate in the form of glycoprotein has been reported (22). 
We have found in recent studies (unpublished) that the active gland uses 
very little lactic acid, contrary to earlier reports (9, 26). Of even greater 
significance is our recent work (34) in which we were unable to demon¬ 
strate any material decrease in the utilization of glucose by the gland of 
the cow suffering from severe hypoglj’cemia in ketosis, although there was 
a marked decrease in the lower acids of the milk fat. 

The data in table 3 indicate that the amount of glucose taken up by the 
mammary gland may be slightly in excess of the amount required for lactose 
synthesis and suggest that a small quantity may be available for fat syn¬ 
thesis or for energy purposes. While such calculations undoubtedly involve 
some error, they do show that most of the milk fat and milk sugar are prob¬ 
ably derived from blood fat and blood glucose respectively. 
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As the body obtains all of its glucose from protein and the glycerol por¬ 
tion of fat after the first few days of fasting, blood glucose continues to be 
available to the mammary gland and the level of blood glucose does not 
decline readily to the low levels observed in severe ketosis. The possibility 
must be considered, therefore, that in fasting and in ketosis substances pres¬ 
ent in the liver which may be the precursors of the short chain fatty acids 
of milk fat may be depleted by their conversion into glucose for use by the 
mammary gland and other tissues. Likewise, although the administration 
of glucose in ketosis resulted in an increase in the volatile short chain fatty 
acids of milk fat, it is possible that the precursors of these fatty acids were 
preformed in the liver or even in the rumen. 

In addition, a careful analysis of the data in table 1 indicates that other 
factors may be involved. The milk fat constants of animal N-34 on 4-19-41 
were normal in every respect, yet the animal exhibited considerable hypo¬ 
glycemia. A somewhat similar picture may be observed in this animal on 
3-11-41 with a blood glucose value of only 25.0 mg. per cent. Likewise the 
milk fat constants for animal W-1 on 4-19-41 had returned to normal al¬ 
though the blood glucose value was only 33.0 mg. per cent. In all these 
cases the animals, although exhibiting hypoglycemia, were consuming feed 
quite normally. It will also be noted that the small but significant increase 
in the short chain fatty acids following the administration of glucose to 
animal Pa-1 occurred within the first 36 hours and that no further increase 
occurred although the blood glucose was higher on the following day. It 
may well be that rumen digestion plays a more important role in the syn¬ 
thesis of milk fat than we have been led to believe. Complete fasting for 
as little as two or three days produces a much greater decline in the short 
chain fatty acids than we have observed in ketosis, yet the level of blood glu¬ 
cose is much lower in severe ketosis. Perhaps milk fat precursors other than 
those generally given consideration have their origin in the rumen. In addi¬ 
tion consideration must be given to the possible importance of the various 
vitamins synthesized in the rumen, some of which have been shown to be 
necessary for the synthesis of fat from carbohydrate (17,18). 

SUMMARY 

1. In severe ketosis, characterized by ketonemia, hypoglycemia, and vary¬ 
ing degrees of inanition, the short chain fatty acids of milk fat were con¬ 
siderably below normal. Consequently p-hydroxybutyric acid cannot be con¬ 
sidered the precursor of these fatty acids. 

2. On the basis of the present evidence it appears that 3-hydroxybutyric 
acid is one of the chirf sources of energy for the active mammary gland. 

3. The administration of large quant^ies of glucose to cows with ketosis 
was followed by a significant increase in the water-soluble steam-volatile 
fatty a<iids of milk fat within 36 to 48 hours. This was accompanied by an 
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increase in the nnsaturation of the fatty acids. The water-insoluble steam- 
volatile fatty acids were not immediately affected, but increased following 
the recovery of the animal. 

4. The short chain fatty acids of milk fat are not decreased nearly as 
much by ketosis as by short periods of fasting, although the blood glucose 
is usually lowered at least 50 per cent more by severe ketosis than by a few 
days of fasting. 

5. The percentage of short chain fatty acids in the milk fat are much 
more closely associated with food intake than with the level of blood glucose, 
lactic acid, or acetone bodies. 

6. The low R. Q. of the mammary gland of the fasted cow is probably 
due, in part, to the oxidation of 3-hydroxybutyric acid. 

7. In five experiments the total amount of blood traversing the mam¬ 
mary gland in a period of 24 hours was calculated from the utilization of 
calcium and phosphorus x^er 100 cc. of blood and the total amounts of cal¬ 
cium and phosphorus secreted in a 24-hour period. Bach unit of volume of 
milk required 494 volumes of blood. Similar analyses indicated that the 
blood fat removed would account for 92.8 per cent of the milk fat secreted, 
and that the blood glucose removed would account for 105.5 per cent of the 
lactose. 
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THE EFFECT OF COPPER ON LIPASE ACTIVITY IN 
CHEDDAR CHEESE 

1. HLYNKA, E. G. HOOD, and C. A. GIBSON 
Division of ClKmiairy, the Division of Bacteriology and Dairy Besearch,^ Science Service, 
and the Division of Animal Hvshandry, Experimental Farms Service, 
Department of Agriculture, Ottawa, Canada 

A knowledi^e of the properties and the behavior of milk lipase is neces¬ 
sary in order to understand certain lipolytic changes which take place in 
milk and milk products. In a previous publication (3) the authors pre¬ 
sented evidence to show that active milk lipase is in a reduced chemical 
state; that mild oxidation such as aeration in the presence of copper inacti¬ 
vates it; and that reactivation of milk lipase is possible by means of appro¬ 
priate reducing systems. 

Although these results were obtained from experiments on raw milk it 
was possible to draw certain conclusions regarding the probable behavior 
of milk lipase in raw milk cheddar cheese in relation to the development of 
rancid flavor. It was stated that the effectiveness of oxidative inhibition 
of milk lipase would be offset by the reducing systems in the cheese. It was, 
how’ever, necessary to check our findings with the making of experimental 
cheese. Accordingly, the effect of copper on added pancreatic lipase in 
cheddar cheese is reported, confirming our previous conclusions. 

In all, 10 comparison or duplicate vats of cheese (2) were made. Each 
pair of cheese was identical in every respect and included the same amount 
of pancreatic lipase added to the cheese milk. The first cheese of each set, 
however, contained added copper (CuCl-i was used), while its mate did not. 
The level of pancreatic lipase used ranged from 0 to 2.5 gm. per 1000 lbs. 
milk. This gave both suboptimal and sufficient amounts of lipase necessary 
to produce a rancid flavor in the cheese. The amounts of copper were 2 and 
5 parts Cu per million parts milk, levels wdiich were known to be effective 
in inhibiting lipase on the basis of our previous experiments. The finished 
cheese w’ere cured under the usual conditions and w^ere graded for flavor at 
suitable intervals. 

During the manufacture of these cheese a striking difference was noted 
in the flavor of the curd in the two vats, the difference being most pro¬ 
nounced at the milling stage. The curd in the vat which contained added 
copper was less rancid and generally superior in flavor to its mate to which 
no copper had been added. How’ever, grading figures on the cheese after 
two weeks and subsequently showed no significant differences in the flavor 
scores. Detailed data are, therefore, not included. 

Beceived for publication May 12, 1942. 
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The results obtained with experimental cheese confirm those previously 
found with milk. The main conclusion is that copper is not an effective 
lipase inhibitor in cheddar cheese. That copper does inactivate added 
lipase follows from the suppression of rancid flavor development while the 
cheese is in the curd stage. That this effect is not permanent is indicated 
by the fact that no significant difference in the flavor scores or in the inten¬ 
sity of rancid flavor was found at grading. The explanation for this is to 
be found in the reactivation of oxidatively inactivated lipase in presence of 
the reducing systems of cheese. Although copper is known to raise the 
oxidation-reduction potential of cheese (1) this rise is apparently insuffi¬ 
cient to alter the conditions in the cheese appreciably. The potential of 
the cheese still remains at a sufficiently negative value to be able to reduce 
any oxidized lipase to its active condition. It is therefore unlikely that 
slight variations of the oxidation-reduction potential or copper contamina¬ 
tion would have any effect on the spontaneous development of rancid flavor 
under commercial conditions. Two other points may be noted in passing. 
The behavior of pancreatic lipase is very similar to that of milk lipase and, 
therefore, the use of the former for experimental purposes in dairy research 
seems justifiable. Also experiments with milk, used judiciously, are of 
value in the study of cheese. It is understood, of course, that such experi¬ 
mental expedients as these must ultimately be confirmed on the basis of 
cheese manufacture. 

SUMMARY 

Although copper inhibits lipase activity in milk under ordinary condi¬ 
tions it is ineffective as a lipase inhibitor in cheddar cheese. This is attrib¬ 
uted to the strongly reducing potential of the cheese. 
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THE UTILIZATION OF UREA BY RUMINANTS AS INFLUENCED 
BY THE PRESENCE OF STARCH IN THE RATION* 


B. C. MILLS, A. N. BOOTH, G. BOHSTEDT, and E. B. HABT 
l^epartTnenis of Biochemistry and Animal Susbandryf College of Agriculturef 
University of Wisconsin, Madison, Wis, 

In an earlier publication (3) we discussed the influence of the level of 
protein in the ration on the utilization of urea by a heifer with a rumen 
flistula. The data indicated that when the protein level in the concentrate 
mixture was above 18 per cent, any added urea was poorly converted into 
protein. The concentrate mixture used in these experiments consisted of 
natural grains with a high content of starch. Apparently at high levels of 
protein intake, even in the presence of a fermentable carbohydrate, the pro¬ 
teins themselves share or become prominent sources of nitrogen for the de¬ 
veloping flora of the rumen. This information is of practical importance 
and would govern the level of protein and urea most suitable for maximum 
urea utilization in any feed formula. 

Another question of equal importance in relation to the problejn of urea 
utilization is one centering around the presence of carbohydrate in the ration. 
Would it be possible to meet the nitrogen requirement of a polygastric ani¬ 
mal receiving timothy or similar hay only by the addition to the ration of 
urea? This is assuming that timothy (or alfalfa) hay has little readily 
fermentable carbohydrate in the sense that its carbohydrate content could 
be changed to a soluble sugar which could then serve as a ready source of 
energy for a developing flora. Would a material like sugar cane residue, 
sugar beet pulp, or orange pulp fortified with urea be an efiicient nitroge¬ 
nous ration for a dairy cow? These questions must be answered before a 
general application of urea feeding can be put into practice. It will be 
necessary to investigate the influence of the kind and quantity of carbohy¬ 
drate in the ration on the most efficient utilization of urea if wastefulness 
of urea nitrogen is to be avoided. It is apparent from data (2) secured in 
the feeding of milch cows, as well as through rumen studies, that urea is 
well utilized when added to a grain mixture of corn and oats with their 
abundant supply of starch. Diastatic action of microbiological origin in 
the rumen is rapid. Further, the addition of corn molasses to a srrain ration 
did not increase the efficiency of urea utilization. 

EXPERIMENTAL. 

Our first experiments were concerned with the influence of starch on the 
utilization of urea. For this study we used a 1,000 pound Holstein heifer 

Heceived for publication May 16, 1942, 
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with a rumen fistula equipped with a removable rubber plug to facilitate 
sampling. The animal was fed twice daily, at 8 a.m. and 8 p.m. The plan 
of the experiment was as follows: 

Period 1 —^Timothy hay only. 

The hay was run through a hammer mill. Twelve pounds per day were 
allowed. The animal received this ration for a period of 3 weeks before 
sampling was begun. After 3 weeks as an adjustment period samples of 
rumen content were taken twice a week (Friday and Sunday) for a period 
sufficiently long to insure constancy in the determinations. Samples were 
taken at intervals of 1, 3, and 6 hours after feeding. About a kilo of ma¬ 
terial was taken, of which 400 grams were used for the dry matter determi¬ 
nation and 20 gram triplicate samples of the wet material for urea, ammonia, 
and total nitrogen determinations. The urea was determined by the urease 
method and the ammonia by magnesium oxide distillation. Ammonia-N 
and protein were calculated as per cent of the total dry matter present. 
Protein was calculated as (total N minus NHa - N) x 6.25. In succeeding 
periods the procedure was the same as in Period 1; between periods, 3 weeks 
on the new ration were always allowed before chemical studies were under¬ 
taken. 

Period 2 —^Timothy hay 10 pounds + corn starch 4 pounds daily. 

Period 3 —Timothy hay 10 pounds + starch 4 pounds + urea 150 grams 
daily. 

Period i —Timothy hay 10 pounds + urea 150 grams daily. 

Period 5—Timothy hay 10 pounds + starch 4 pounds + casein 0.4 pound. 
This amount of casein is approximately equivalent in amount to the protein 
of 4 pounds daily of a mixture of com and oats. 

Period 6 —Timothy hay 10 pounds + starch 4 pounds + casein 0.4 pound 
-I- urea 150 grams daily. 

The data are summarized in table 1, and in figure 1 a graphic display 

TABLE 1 


The record of the rate of disappearance of anmonia and increase of protein in the 

rumen of a heifer 


Bation 

Ammonia-K 
(Per cent of dry 
weight) 

Protein 

(Per cent of dry 
weight) 

1 

hour 

a 

hours 

6 

hours 

1 

hour 

3 

hours 

6 

hours 

1* Timo^yhay . 

2. Timothy hay + starch . 

3^ Timothy hay + starch + urea . 

4. Timothy hay+area . i 

Timotl^ hay+starch + casein . 

C Timot^ hay + starch + casein + urea ...... 

% 

0.04 

0.03 

0.V 

(f.l3 

0.00 

0.20 

% 

0.03 

0.02 

0.13 

0.23 

0.06 

0.27 


% 

8.0 

6.8 

9.5 

7,8 

9.0 

9.4 

% 

8.3 

6.8 

9.7 

7.7 

8.8 
8.8 

% 

8.2 

6.9 

10.7 

7.5 

9.2 

9.2 
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of the important results is presented. When timothy hay alone was fed 
(Period 1) botli the ammonia-N and total protein were at low levels, and 
remained almost constant throughout the trial period. When urea was fed 
with the hay (Period 4) hydrolysis of the urea to ammonia was delayed, 
being incomplete at one hour after feeding, and disappearance of the am¬ 
monia was very slow, about half remaining as such in the paunch six hours 
after feeding. The protein level was slightly lower than on timothy hay 
alone. From these results it is evident that no abundant and active flora 
was operating in the rumen. 

In contrast, when starch was fed in addition to the timothy hay and urea 
(Period 3), microbiological activity was very great. The urea was com- 



Fig. 1. Protein and aminonia-N levels of ruinen contents as influenced by starch 

pletely hydrolyzed in less than one lionr, and the ammonia tlnis formed had 
practically all disappeared in six hours. As the animonia-X level fell there 
was a concurrent rise in protein, indicating? that the ammonia was being built 
into protein. The total rise in protein was approximately equivalent to the 
amount of ammonia disappearing from the paunch in the same period. 

The rapid hydrolysis of the urea, the speedy disappearance of the am¬ 
monia thus produced, and the marked rise in protein content all are evidence 
of a very active flora. That the flora was very abundant is indicated by the 
fact that the protein level when timothy hay, starcdi, and urea were fed was 
from 2.0-3.5 per cent higher than when timothy hay and urea or timothy 
hay and starch were fed. This difference in protein content can be due only 
to the bacterial proteins present, since the amount of protein supplied in the 
ration was the same in all cases. 

The only effect of starch, when fed with timothy hay (Period 2) was to 
dilute the hay, lowering the protein level to below 7 per cent of the total dry 
matter. There was no evidence of increased microbiological a(*tivity on the 
rumen contents. 
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It was thought that the addition of small amounts of preformed amino 
acids (as casein) might cause more efficient utilization of the urea. How¬ 
ever, unexpected results were obtained in periods 5 and 6. When urea was 
added to timothy hay, starch, and casein, the initial analyses showed efficient 
utilization of the urea, but as the period progressed the utilization decreased, 
and at the end of six weeks there was little or no utilization. Hydrolysis of 
the urea was complete only after three hours, most of the ammonia was still 
present as such in the paunch after six hours, and the protein level was the 
same as that found without urea. These results are difficult to explain, as 
the casein level of 1D.4 pound per day Avas the same as the amount of corn 
and oat protein fed when a grain mixture of equal parts of corn and oats 
was used in addition to a daily ration of corn silage and timothy hay. On 
this ration there was efficient utilization of urea. It is possible that there 
was something about the constitution of casein that made it a preferred 
nitrogen source as compared with the urea. However, this would still not 
explain the slow rate of hydrolysis of the urea to ammonia. 

It is possible that the casein caused a drastic change in the character of 
the flora, with a resulting change in rate of urea utilization. This influence 
of casein should be studied further and should be accompanied by a thorough 
study of the rumen flora. 

DISCUSSION 

« 

It is evident that only when adequate fermentable carbohydrate (starch 
in this experiment) is included in the ration can urea be utilized at a maxi¬ 
mum rate and efSeiency in the rumen of the cow. Its function is undoubt¬ 
edly to serve as a readily available energy source for the microorganisms, 
enabling them to build new protoplasm in which the nitrogen from the’urea 
is incorporated. That very large amounts of protein can be built by the 
organisms from a simple organic nitrogen source like urea is shown by the 
fact that the addition of urea to timothy hay and starch causes a rise in the 
protein content of the rumen from 6.8 to 10.7 per cent, or a 57 per cent 
increase. Most of the urea nitrogen is built into protein; the amount of 
NHs-N disappearing from the rumen contents in six hours (Period 3) is 
approximately equivalent to the nitrogen contained in the additional pro¬ 
tein formed. This additional protein is undoubtedly utilized by the cow, 
breakdown products of the bacterial protein being absorbed either farther 
along in the gastro-intestinal tract, or possibly in the rumen itself. It has 
been shown that dextrose is rapidly absorbed directly from the rumen of the 
sheep (1) and it is quite possible that amino acids may also be absorbed there. 

The effect of various ration constituents on the efSciency and rate of 
urea utilisation should be th(m)ughly studied, so that when and if urea be- 
cmnes a practical nitrogen source |or ^e fanner, urea-containing rations 
can be intriligently constructed to obtain the best results with as little waste 
as possible. 
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The relation of other carbohydrates to urea utilization are being studied, 
and the results will be published later. 

SUMHABT 

1. Further studies on urea utilization in the rumen fistula heifer are 
reported. 

2. With timothy hay as the sole ingredient of the basal ration, utilization 
of added urea took place only partially, if at all. In the presence of starch 
a suitable substrate was provided for the development of an active flora and 
urea w'as eflBciently utilized. 

3. When casein was added to a timothy hay-stareh-urea ration the utili¬ 
zation of urea was markedly reduced. 
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THE EFFECT OF SHARK LIVER OIL ON MILK AND BUTTER 
FAT PRODUCTION^- * 

CUBTIS JENSEN, PAUL D. BOYEB, PAUL H. PHILLIPS, I. W. RUPEL 
ANP N. S. LUNDQUIST 

Department of Biochemistry, University of Wisconsin, Madison 

The detrimental effect of cod liver oil upon milk and butter fat produc¬ 
tion has been shown by Golding et aL (6) and others (7, 9, 11). Recently 
Deuel and co-workers (2, 5) reported that the feeding of shark liver oil high 
in vitamin A potency increased the milk and butter fat production of Guern¬ 
sey cows 10 per cent or more. These workers fed 30 to 60 cc. of shark liver 
oil daily which was suflSeient to furnish a daily intake of 700,000 to 1,400,000 
I.U. of vitamin A. Practical farm supplements of shark liver oil with a vita¬ 
min A potency of 7,500 I.U. per gram have been fed to milking cows at the 
rate of 15-25 grams per cow per day without any noticeable effect upon 
either milk or batter fat production (13). 

Further experiments have recently been conducted to determine the effect 
of shark liver oil feeding upon milk production, butter fat percentage and 
vitamin A in blood plasma and milk. The results of these experiments are 
reported herewith. 

EXPERIMENTAL 

The fii>;t experiment extended from February 5, 1941, to April 2, 1941, 
and w'as designed to determine if shark liver oil could be safely used as a 
vitamin A supplement for dairy cattle. For this purpose seveu cows in the 
late stages of lactation wx‘re used; tliree Holsteins, two Guernseys, and two 
Brown Swiss. They were fed 25 ce. of shark liver oil’* with a potency of 
either 7,500 or 15,000 I.U. of vitamin A per gram (187,000 and 375,000 I.U. 
of viamin A per day). 

With the appearance of the report of Deuel and co-workers (2) a second 
experiment w^as conducted from May 24, 1941, to July 11, 1941, since the 
levels of vitamin A fed in our first experiment were not as large as those used 
by Deuel. Five cows just past their peak of milk production were fed 90 cc. 
of shark liver oil daily with a potency of 15,000 I.U. of vitamin A per gram. 
A second lot of five cow^s which were comparable in milk production and 
stage of lactation was used as a control lot on milk and butter fat production. 

Received for publication May 21, 1942. 
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Unfortunately, the shark liver oil feeding was interrupted from June 16th to 
June 30th in this experiment, therefore, the actual feeding period covered 
only 48 days. 

A third experiment was then outlined to check Deuel’s levels of shark 
liver oil feeding exactly. The cows were put under preliminary observation 
from November 5,1941, until December 5,1941, then shark oil feeding was 
started. Three lots of cows were used. As in the previous experiments, the 
cows were maintained on the regular University milking herd ration and 
were fed the shark liver oil as later indicated. Eight cows in Lot I, which 
included three Holsteins, three Guernseys, and two Jerseys, were fed the 
herd ration without added shark oil. Lot II was composed of two Holsteins, 
one Jersey, and one Guernsey. They were fed the herd ration plus 50 ec. 



Fio. 1. Average daily loilk asd butterfat production. 

daily of shark liver oil containing 26,650 I.U. of vitamin A per gram. Thus 
their vitamin A intake from the oil represented 1,332,500 I.U. of vitamin A 
per day and closely approximated Deuel’s levels of feeding. Lot III, com¬ 
posed of two Jerseys, two Guernseys, a Brown Swiss and a Holstein, was fed 
the herd ration plus 50 cc. daily of shark liver oil with a vitamin A potency 
of 15,400 I.U. per grfim or an additional vitamin A ingestion of at least 
770,000 I.U. per cow per day. Most of the cows were in the first part of their 
lactation i>eriod. One Jersey in Ijot I and one in Lot II were eliminated 
before the dose of the experiment because they were going dry, otherwise, 
the rest freshened early enough to obtain preliminary blood plasma and milk 
data or were f redi at the banning 5f the experiment. 

jj^lood plasma vitamin A and carotene were determined by the method of 
Kimball (8). Ascorbic acid was determined by the Mindlin and Butler 
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method (10). The vitamin A and carotene in the milk was determined by 
a modification of the procedure of Olson, Hegsted, and Peterson (11).^ 

RESULTS 

It is apparent from figure 1 and table 1 that feeding 25 to 90 cc. of shark 
liver oil daily had no demonstrable, and particularly no stimulating effect 
upon the milk or butter fat production or upon the per cent of butter fat. 
This lack of effect was noted whether the animals were given 117,500 I.U. or 
as much as 1,350,000 I.U. of vitamin A per day. 

TABLE 1 


The effect of sharlc liver oil feeding upon milk and "butter fat production and the 
vitamin A and carotene content of milk, Experiment III 



liOtl 

Basal ration 

Lot II 

Basal *f 26,650 unit oil 


iVriod 

Ave. 

caro¬ 

tene, 

•y/ee. 

Ave. 

vita* 

min 

A, 

•y/cc. 

Ave. 

daily 

mUk 

yield, 

lb. 

(4%) 

Ave. 

B.F., 

% 

Ave. 

caro¬ 

tene, 

7/cc. 

Ave. 

vita¬ 

min 

A, 

y/ee. 

Ave. 

daily 

milk 

yield, 

lb. 

(4%) 

Ave. 

B.F., 

% 

Ave. 

caro¬ 

tene, 

y/cc. 

Ave. 

vita¬ 

min 

A, 

y/cc. 

Ave. 

daily 

milk 

yield, 

lb. 

(4%) 

Ave. 

B.F., 

% 


ProJimiiijiry period 


Ist wk. 



! 26.1 

1 5.0 



31.4 

4.4 



24.7 

4.3 

2nd wk. 



25.3 




30.5 

4.4 



23.8 

4.3 

3rd wk. 


. i 

30.8 

4.3 



29.7 

4.4 



24.9 

4.3 

4til wk. 

0.32 


34.3 

4.5 


0.15 

32.4 

4.2 

0.31 

0.12 

24.7 

4.3 


Experimental period 


Ist 

wk. 

0.38 


34.8 

4.4 

0.24 

0.45 

34.9 

4.5 

0.35 

0.42 

23.6 

4.3 

2n(l 

wk. 


0.20 

34.2 

4.4 

0.26 

0.78 

34.7 

4.3 

0.28 

0.75 

23.6 

4.3 

3rd 

wk. 


mm 

35.2 

4.3 

0.18 

0.89 

33.6 

4.3 

0.23 

0.63 

23.4 

4.4 

4th 

wk. 

. 


34.4 

4.0 



33.8 

4.3 



23.8 

4.3 

5th 

w'k. 


0.21 

E '1 

4.3 

0.17 

0.96 

34.3 

4.8 

0.20 

0.80 

22.4 

4.0 

6th 

wk. 



EUl 

4.4 

0.15 

0.88 

31.0 

4.1 

0.20 

0.54 

23.9 

4.3 

7th 

■wk. 

0.31 



4.4 

0.09 

0.73 

29.4 

4.1 

0.25 

0.63 

23.3 

4.3 

8th 

>vk. 


0.19 

34.2 

4.9 

0.14 

0.97 

29.6 

4.5 

0.18 

0.75 

23.5 

4.6 


Tlie feeding of shark liver oil brought about a distinct rise in the blood 
plasma vitamin A concentration as shown by table 3. It appears from these 
data that an equivalent level of blood plasma vitamin A was attained by 
feeding either the 15,400 or the 26,650 unit shark liver oil. It is apparent 
that the cows used in this experiment were adequately fortified with vitamin 
A at the b^inning of the experiment since the blood plasma vitamin A was 
0.19 mierogram or more per cc. There was a marked decline of carotene in 
the blood plasma with the progress of the experiment in those lots receiving 
vitamin A supplements (tables 2 and 3) as compared with controls or their 
own original base level of carotene in the blood. The explanation of this 
phenomenon is not at the moment dear. 

^ Details of this procedure will be published later. 
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There seemed to be no beneficial effect upon the ascorbic acid content of 
blood plasma as the result of feeding massive dx>se8 of vitamin A to these 
cattle which were in good nutritive condition and whose blood plasma indi¬ 
cated ample vitamin A at the beginning of the experiment. This is in con¬ 
trast to the increase in blood plasma vitamin C which resulted when cattle 
with low plasma vitamin A values were fed additional vitamin A (1). 

The carotene content of the milk likewise dropped during the course 
of the shark liver oil feeding. The control lot in experiment III showed 

TABLE 2 

The blood plasma carotene values 


„ ,, , 1 

Carotene, y/cc. 


1/24/41 

4/2/41 

Experiment I. 1 

Shark liver oil potency 7500 I.IT. per gram 

123 H 

2.5 

1.1 

844 BS 

1.9 

1.9 

465 Gr 

7.3 

3.3 

Shark liver oil potency 15,000 I.U. per gram 

90 H 

2,4 

0.72 

131 H 

2.1 

1.10 

467 G 

5.1 

3.20 

851 BS 

3.1 

2.2 


Experiment II. Shark liver oil potency 16,000 I.IT. per gram 



5/24/41 

7/11/41 

58 H 

15.96 

7.80 

63 H 

15.50 

5.08 

96 H 

14,14 

6.22 

840 BS 

10.21 

6.83 

1438 H 

12.39 

5.55 

1480 H 

16.46 

5.60 


0.32y/cc. during the preliminary experimental period (table 1 ). This fluctu¬ 
ated very little or none throughout the eight weeks under experimental obser¬ 
vation. The carotene content of the milks of lots II and III was 0.31 during 
the preliminary period, while at the end of the shark liver oil feeding period 
tliese values had fallen to 0.14 and 0.18y/cc. respectively. Meanwhile the 
vitamin A content of the Lot I milk remained nearly constant at 0.20y of 
vitamin A per cc. During the shark liver oil feeding the vitamin A content 
of the milks rose from 0.16 to 0.97y/cc. and from 0.12 to 0.75y/co. for lots II 
and III, or a sixfold increase. 



^ It is obvious from these data that the feeding of high vitamin A potency 
tAaxk liver oil did not increase the production of milk or butter fat or influ- 
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ence the per cent of butter fat present in the milk. This seemed to hold 
irrespective of the dose of vitamin A griven or the amount of oil fed. Thus 
these experiments do not support the studies of Deuel et aL (2, 6) to the 
effect that shark liver oil increases milk production. 

It should be pointed out that the cattle used in these studies were fed 
practical dairy rations and were in a good nutritive status when the studies 
began. When vitamin A or carotene is the limiting factor of a ration an 
increased milk production might be expected from the feeding of additional 
vitamin A. These studies, however, indicate that additional amounts of 
vitamin A do not stimulate milk or butter fat production in the case of well- 
fed dairy cows. 

Our studies on milks confirm Deuers work (3, 5), namely, that dietary 
measures can be used to increase the vitamin A potency of milk. However, 
the efficiency of increasing the vitamin A content of milk by feeding shark 
liver oil is very low. Calculations made from the data of these experiments 
show that when cows were fed 1,333,000 I.U. of vitamin A daily, an average 
of only 2.2 per cent of the vitamin A fed actually appeared in the milk. 

The decrease in the blood plasma and milk carotene noted when shark 
liver oil was fed is in agreement with the recent report of Deuel and co¬ 
workers (4). In our experiments the feeding of shark liver oil resulted in 
a distinct rise in the level of blood plasma vitamin A. However, the level of 
blood plasma vitamin A, which can be obtained by the feeding of »shark liver 
oil, appears to be limited. The cows which received 770,000 I.U. of vitamin 
A daily attained blood plasma vitamin A levels equivalent to the levels at¬ 
tained by the cows which received 1,332,500 I.U. of vitamin A daily. It is 
recognized that the values for the blood plasma vitamin A may be slightly 
inaccurate because of the difficulty in determining vitamin A in the presence 
of relatively large amounts of carotene (14). 

SUMMARY 

The effect of feeding various levels of shark liver oil of high vitamin 
potency to milking cows has been studied and the following results obtained. 

1. Blood plasma and milk carotene of all the cows fed shark liver oil 
decreased during the experimental period while high amounts of vitamin A 
were being administered. 

2. The administration of shark liver oil was effective in increasing the 
blood plasma vitamin A concentration. Coincident with the increased levels 
of blood plasma vitamin A there was a 3- to 5-fold increase in the vitamin A 
content of milk. These increases were effected within limits, by the vitamin 
concentration of the oil, the dosage given, and the length of the feeding 
period. Thus the vitamin A in bqthf the blood plasma and milk rose as the 
mult of feeding high vitamin A poteJncy shark liver oil to cows fed practical 
rations. 
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3. Feeding shark liver oil containing high concentrations of vitamin A to 
cows resulted in no increase in milk or butter fat production. The per cent 
of butter fat was not affected. Stage of lactation, season, or the yield of 
milk up to 60 pounds per day had no favorable effect upon the reaction to 
shark liver oil feeding. The feeding of as much as 90 cc. of shark liver oil 
per cow per day tended to increase the normal rate of decline of milk pro¬ 
duction with the advan(fe of lactation. 
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FACTORS AFFECTING SWISS CHEESE STARTER ACTIVITY. 
EFFECT OF HEAT-TREATMENT AND SOURCE 
OF MILK 

M. E. TYLEBi ANI> H. H. WEISER 
Department of Bacteriology^ The Ohio State University 

The early development of a rapidly rising acidity in the curd is essential 
to the production of high quality Swiss cheese. The acidity, which should 
reach pH 5.0 to 5.15 after 21 hours (11), tends to inhibit the development 
of defects in the cheese: oversetting with eyes (6), wet cheese (5), and 
growth of gas-formers (22). In 1915, Doane and Eldredge (7) advocated 
the use of a pure culture of Bacillus (Lactohacillus) hulgaricus as a starter 
for Swiss cheese to prevent the occurrence of such defects. Since that time, 
many bacteria have been isolated from milk, whey, and Swiss cheese and 
have been used as pure culture starters (3, 4, 9,10). Frazier and associates 
(10) in 1933 noted that few pure cultures .were being used, most starters 
consisting of whey from a previous run, or of skimmilk inoculated with the 
whey. Reeentl}", the use of pure cultures of high-temperature lactobacilli 
and streptococci as starters has become more prevalent. 

Coincident with the widespread use of pure cultures, a problem of starter 
activity has arisen. It has been found in the Swiss cheese industry that 
occasionally a starter will fail to produce the acid fermentation in the curd 
with necessary rapidity. This was noted also by Elliker and Frazier (8). 
Indubitably, two factors are involved in the slow acid development: first, 
the use of milk containing large numbers of competitive microorganisms, 
and second, the attenuation of the biochemical activity of the starter. An 
investigation of the latter factor is reported here. 

The experimental procedure was based on the hypothesis that two vari¬ 
able factors might have significant effects upon starter activity. The first of 
these concerns the ‘‘sterilization’' of skimmilk used to propagate the starters, 
by exposing it to steam, flowing or under pressure. The intimate association 
of one of us (H.H.W.) with the Swiss cheese industry in Ohio has revealed 
that the heating period for skimmilk, to be used as a starter medium, varies 
widely among different factories and even yrithin any one factory. Such 
variations (up to 5 hours) in time of heating might affect starter activity 
appreciably, due to alteration in the availability of nutrients or in the redox 
(oxidation-reduction) potential. The latter factor was considered impor¬ 
tant, since the growth of the bacteria used in pure culture starters, particu¬ 
larly those resembling Lactobacillus bulgaricus, is favored by a lowered 
oxygen tension, or by the presence of reducing compounds (18). In this 
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coniieetiou, Hammer and Baker (13) noted that heating milk at tempera¬ 
tures considerably above the pasteurization temperature caused a marked 
increase in the rapidity of coagulation by butter starters. Stimulation of 
the growth of Lactobacillus helveticus was reported by. Elliker and Frazier 
(8), when the culture was inoculated into reconstituted skimmilk which had 
been steamed 10 minutes. 

The second factor to be considered was the variation in composition of 
milk as affected by its source. Baker and Hammer (1) reported that the 
source of milk had a marked influence on the acidity and flavor qualities of 
butter starters. The addition of lactose, milk ash, cream, or water to milk 
generally lowered the quality of the starter produced from it. 

MATERIALS AND METHODS 

Cultures. The bacterial cultures used in this study were obtained from 
various sources, all of them being cultures which have been used as Swiss 
cheese starters. Designations used were those given by the persons from 
whom the cultures originally came. The starters were segregated as fol¬ 
lows, the source of each being given in parentheses: 

Streptococcus cultures: 8. glycerimeeus Orla-Jensen (Switzerland) and 
C3 (isolated from whey) ; 

Streptococci with yeast®: MC, X, and A (whey), and C (Switzerland); 

Lactobacillus cultures: L. bulgarieus (type culture), L. acidophilus and 
2 (Eulp and Rettger), Thermobacterium helvetieum (Orla-Jensen), Thermo¬ 
bacterium lactis 39E19, R-9, and R-44 (Switzerland), B2 (whey), 39aH 
(Hastings), and 14 (from feces of an acidophilus-fed dog); 

Lactobacilli with yeast®: GA and GaO (Wisconsin) and DL rods-Swiss 
(unknown origin). 

In addition, pure cultures of the bacteria were isolated from some of the 
mixed cultures of bacteria .and yeast. These were designated bj”- the name 
of the parent culture, with a “p” added: MCp, Xp, Ap, GAp, and DLp. 

As recorded by Tyler (21), the lactobacilli belong to three species: L. 
bulgarieus (Luerssen and Kiihn) Holland, L. acidophilus (Moro) Holland, 
and L. helveticus (Orla-Jensen) Bergey et al. Must of them are of the last- 
named species. The streptococci may be classifled as 8. thermophilm Orla- 
Jensen, with the exception of the named species, 8. glyeerinaceus Orla- 
Jensen (8. faecalis Andrewes and Border). 

Heat-treatment of milk. Samples of milk from a single source were col¬ 
lected at the receiving platform and heat-treated as soon as possible. Heat¬ 
ing at 80® C. was carried out in a thermostatically-controlled water bath, 
at 100° C. in flowing steam, and at 120° C. in an autoclave at 15 poundh 
pressure. i * 

Bedox potential determinations. The redox potential of the milk, deter- 
An nnetaasified, non-sporulating, film ^east, “Mjreoderma” (20). 
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mined immediately before and after heat-treatment, was measured with 
platinum-foil electrodes, the saturated calomel half-cell, and a Coleman 
potentiometer. The average of duplicate determinations was used. 

Determination of starter activity. The biochemical activity of the start¬ 
ers was determined hy titration of acid produced in the milk after incubation 
at 37® C. in a water-jacketed, thermostatically-controlled incubator for vari¬ 
ous periods. For titration, N/10 NaOH and phenolphthalein indicator were 
used. The acidity is expressed in percentage, calculated as lactic acid. 

Bacterial counts. Numbers of bacteria in cultures were determined by 
direct microscopic count. When numbers of bacteria were too great to be 
counted from the culture itself, serial dilutions in distilled water were pre¬ 
pared, and direct counts made from the dilutions. Rogers and Whittier 
(17) found this method gave reliable results. All determinations are 
recorded as individual cell counts. 

EXPERIMENTAL 

HeaUtreatment of milk at 80° C., 100° C., and 120° C. Representative 
samples of milk from the mixed milk of a large herd, collected as previously 



Fig. 1. Effect of heating milk at various temperatures on the potential trend. Aver¬ 
ages of several determinations. 

described, w^ere heat-treated by methods intended to approximate those used 
in Swiss cheese factories. Heating was carried out at 80® C. for 1, 2, 3, 
and 4 hours; at 100® C. for 1, 2, 4, and 5 hours; and at 120® C. for 15, 30, 
45, and 60 minutes. Before heating, and immediately after cooling the 
heat-treated samples to room temperature, the redox potential of the milk 
was determined. One ml. of a starter culture was added to each 100 ml. 
sample, followed by incubation at 37® C. The milk cultures were titrated 
for acidity after 12 and 24 hours of incubation 

Figure 1 illustrates the fall in potential observed in the heat-treated 
milk with increase in temperature or length of heating. It may be noted 
that the most rapid decrease occurred during the early part of the heating 
period, the later decrease being a gradual, straight-line function of time. 
It is probable that only a part of the decrease from an initial average Bh 
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of 380 milliTolts was due to expulsion of dissolved oxygen; Gould (12) has 
suggested that heat-treatment of milk may release reducing groups from 
the milk proteins. 

The biochemical activity of the bacteria was not affected significantly by 
heat-treatment of milk at 80" C. Heating at 100® C. for periods longer 
than one hour, however, had a favorable influence upon acid production by 
all cultures. Similar results were obtained in milk heated at 120® C. for 
periods longer than 15 minutes. The results of acidity determinations 
after 24 hours of incubation are presented in table 1. Tj'pical results for 

TABLE 1 


Sffeet of heat-treatmf»t of milk on Stoiu eheese otarter activity 
(Cultures incubated at 37° C. for 24 hours) 



Milk heated at 100»C. 

Milk heated at 120^ C. 



Hours 



Minutes 


Culture 









1 

2 

4 

5 

15 

30 

45 

60 



Percentage acidity 

Percentage acidity 

8. glycerin aoe us 

1 0.48 

0.51 

0.63 

0.50 

1 0.50 

0 50 

0.56 

0 60 

03 

1 0.56 

0.60 

0.66 

0.61 

0.54 

0.53 

0.55 

0.62 


0.76 

0.79 

0.90 

0.84 

0.52 

0.54 

0.55 

0.77 

0.45 

0.53 

0.51 

0.48 

0.97 

0.87 

1.02 

1.00 

0.54 

0.71 

0.77 

0.62 

1.68 

1.75 

1.80 

1.82 

0 

0.47 

0.53 

0.73 

0.64 

0.84 

0.90 

0.93 

0.94 

X 

0,79 

0.81 

0.83 

0.82 

0.95 

0.88 

1.09 

1.05 

Therm, lactis 
Therm. 

0.33 

0.39 

0.42 

0.41 

0.30 

0.32 

0.32 

0.31 

helvHxqum 

1.10 

1.36 

1.08 

1.17 

0.79 

0.73 

0.72 

0.49 

2 

0,37 

0.51 

0.43 

0.52 

0.45 

0.51 

0.47 

0.43 

14 

0.50 

0.54 

0.52 

0.52 

0.48 

0.50 

0.41 

0.42 

39aH 

1.27 

1.57 

1.59 

1.30 

0.49 

0.40 

0.58 

0.44 

B2 

2.54 

3.01 

2,37 

2.60 

1.34 

1.51 

1.15 

1.29 

B-9 

1.83 

1.94 

1.86 

1.64 

2.54 

2.39 

2.67 

2.57 

DLp 

0.97 

1.07 

1.10 

0.82 

0.73 

0.74 

0.89 

1.04 

GA 

2.12 

2,16 

2.46 

2.39 

2.48 

2.49 

2.61 

2.80 

G,0 

1.84 

240 

1.73 

1.71 

2.43 

2.28 

2.21 

2.37 

DL rods 

1.01 

1.09 

1.22 

1.31 

1.76 1 

1.75 

1.68 

1.85 


some representative cultures, and the average of all 18 cultures used, are 
illustrated in figures 2 and 8. Bepetition of the experiment later gave 
similar results. 

While acid production by all cultures was increased in milk heated at 
100® C. for 2 to 4 hours, certain cultures were stimulated to a greater extent 
than others. This wflg true of the lactobacilli in general, and of the lacto- 
bacillus-yeast cultures particularly; such cultures were always the most 
active acid producers. With two exceptions, acid production of all cultures 
was enhanced by heal^treatment of milk at 120® C. for longer than 15 min¬ 
utes. The level of ac^ty of somawf the cultures was lower in milk heated 
at 120® C. as compa^ with that heated at 100® G.; with others it was 
higher, while a few (^wed the same activity in each. The low acidities 
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Fig. 2. Effect of heating milk at 100® (h for J, 2, 4, and 5 hours on the acidity pro¬ 
duced in 24 hours at 37“ C. by subsequently inoculated Swiss checBC starter cultures. 

produced in 24 houi’s by 4 of the laclobaeidi {Therm, laciis, Therm, helveti- 
cum, 2, and 14) were tyiiicaJ of these cultures; apparently they had been 
attenuated by loiip; artificial culturiiiji:. 

Bate of growth and acid production in milk hiatAreated at 100^ C. In 
order to determine whether the rates of growth and acid production were 
affected by heat-treatment of milk, a similar series of experiments was car¬ 
ried out, using milk heat-treated at 100° (3. for 1, 2, 8, and 4 hours and cer¬ 
tain representative starter cultures. Re])resentative samples of milk, after 
initial redox potential measurement, were heat-treated and the potential was 
again determined; the samples then were inoculated with one per cent of 
a starter culture. C’ultures used were 89aH, B2, (tsO, 8. glycerinaceus, Xp, 
and X. After imuibation at 37° C. for 4, 8, 12, 24, 36, and 48 hours, ali¬ 
quots were removed for direct microscopic (*oiint and determination of 
titratable acidity. 

The results of this series confirmed the results obtained in the earlier 
experiments: heating milk for 2 to 4 hours resulted in increased acid pro¬ 
duction by the starters as compared with the one-hour heating. As before, 
the potential trend was downward with increased length of exposure to 
100° C. 

Representative data are presented in table 2. Interesting phenomena 



Fio. 8. Effect of heating milk at 120® C. for 15, 30, 45, and 60 minutes on the 
aeidity produced in 24 hours at 37® 0. by subsc^quently inoculated Swiss cheese starter 
eoltures. 
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appeared when the results of direct counts and titratable acidity were 
plotted graphically and compared. With culture 39aH (fig. 4) the greatest 
growth rate during the first 24 hours of incubation occurred in milk heated 
for 2 or 3 hours, but there was little difference in the numbers of bacteria 
at the end of 24 hours of incubation or later. Growth in milk heated for 
one hour was slower and progre^ed to a lower end-point. The rate of acid 

TABLB 8 

Sffect of heat-treatment of mWe on the rate of growth and acid production of 
Swiss cheese starter cultures 

(Milk heated at 100° C. Incubated at 37° G. after inoculation) 



Heated 1 hr. 

Heated 2 hrs. 

Heated 3 hrs. 

Heated 4 hrs. 

% acid 

Count 

(xlO^) 

% acid 

Count 

( X 10 ’) 

% acid 

Count 

( X 10 ’) 

% acid 

Count 

( X 10 ’) 

Heated 









milk... 

0.15 

0.0 

0.16 

0.0 

0.19 

0.0 

0.19 


Hours 









incu¬ 


Inoculated with 1 per cent of culture 39aH 


bated 









4 

0.14 

0.40 

0.17 

0.48 

0.20 

0.52 

0.21 

0.78 

8 

0.17 

1.0 

0.21 

2.6 

0.22 

3.0 

0.23 

2.7 

12 

0.27 

4.1 

0.32 

1.6 

0.25 

0.63 

0.52*^ 

39.0* 

24 

0.83 

5.9 

].16 

51.0 

0.78 

17.0 

0.72 

54.0 

36 

1 1.35 

15.0 

1.46 

54.0 

1.29 

67.0 

1.32* 

65.0* 

48 

1.67 

28.0 

1.47 

110.0 

1.48 

96.0 

1.59 

59.0 


Heated 

miUK.. 

0.15 

0.0 

0.16 

0.0 

0.19 

0.0 

0.19 

0.0 


■ 


Inoculated with 1 per cent of culture B2 



4 

0.22 

2.3 

0.20 

1.6 

0.20 

0.07 

0.23 

1 0.16 

8 

0.39 

13.0 ! 

. 0.46 

43.0 

0.21 

0.17 

0.27 

0.68 

12 

0.72 

11.0 

0.95 

75.0 

0.23 

1.7 

1.25* 

200.0* 

24 

1.80 

57.0 

2.07 

140.0 

0.68 

110.0 

1.69 

280.0 

36 

2.19 

81.0 

2.46 

120.0 

1.92 

410.0 

1.98* 

480.0* 

48 

2.59 

130.0 

2.50 

260.0 

2.22 

290.0 

2.49 

610.0 


* These detenoinations were made after 18 and 32 hours, respectively. 


production was greatest in the milk heated for 2 hours, and the acidity 
reached a much higher level at the end of 24 hours in such milk. Culture 
B2 (fig. 4) also showed a fair correlation between the rate of growth and 
the rate of acid production; the two-hour heat-treatment was optimal. As 
before, 8. glyeerinaems (and the other streptococci) did not exhibit the 
striking differences in activity due to heat-treatment of the milk that were 
shown by the laetobacilli, but appreciable variations were observed. There 
was poor correlation between the rates of growth and acid production. 
iThe data obtained were utilized to calculate the fermenting capacity of 
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Fig. 4. Effect of heating milk at 100° C. on the rate of growth and acid production 
of subsequently inoculated Swiss chccsc starter cultures. 


the cells in the several samples, in an attempt to discover whether the in¬ 
creased activity was due to stimulation of cellular activity or to an increase 
in numbers of cells. The formula used was that of Rahn (16). The results 
(table 3) showed that the fermenting: capacity of the cells was in general 
increasingly lowered in milk heated at 100® C. for the longer periods. The 
explanation for the increased activitj’^ must lie, then, in increases in num¬ 
bers of cells sufficient to overcome the decreases in cellular fermentative 
power. 

Effect of source of milk on activity of the starters. Random observa¬ 
tions made during preliminary work, as well as reports published by other 
workers (1), indicated that the composition of the milk might affect the 
activity of the starters. For this reason, the source of milk for the pre¬ 
ceding experiments was kept as constant as possible. In a study of the 

TABLE 3 

Effect of heat-treatnient of milk on the fermenting capacity of Swiss cheese 

starter bacteria 


Culture 


Mg. acid X10*® produced per cell per hour in milk 
heated at 100° C. 




1 hour 

2 hours 

3 hours 

4 hours 

39aH . 

5.34 

1.47 

1.59 

2.33 

BS. 

5.25 

1.04 

1.31 

0.70 

0,0 .-. 

1.33 

0.74 

0.33 

0.97 

8. glycerinaeeus . 

1.53 

0.63 

0.53 

0.26 

Xp . 

0.87 

0.60 

0.28 

0.49 

X . 

0.57 

1.52 

0.72 

0.33 
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effect of source of milk, samples were obtained from the milk of various 
individual producers, all of them delivering relatively small volumes. The 
milk was handled as in the preceding series, the samples being heat-treated 
at 100“ C. for 1, 2, 3, and 4 hours before inoculation. Potential determina¬ 
tions were made before and after heating and the titratable acidity was 
determined after 12 and 24 hours incubation at 37° C. 

The data are too voluminous to be presented m toto; representative 
results for two cultures in a few of the milk samples are illustrated in figure 
5. Again, the stimulating effect of heat-treatmenf was observed. Some of 
the differences noted in the activity in samples from different producer- 
sources were striking. The relative activity of all cultures was the same in 
any sample. It was noted that no correlation could be observed between the 
average Eh of the different samples and the activity of the starters; in any 
one sample-source, however, the potential trend was downward as the length 
of heating increased. 



PRODUCER NUMBER PRODUCER NUMBER 

1*10. 5. Effect of the source of milk heatod at 100° C. on the acidity produced in 
24 hours at 37° C. by Swiss cheese starter cultures. (Figures above the columns refer to 
the length of heating periods in hours.) 

DISCUSSION 

It appears that several factors may be involved in the variations which 
occur in the activity of Swiss cheese starters. At least one of these factors 
is associated with the heat-treatment to which milk is subjected prior to 
inoculation with a starter. Such heat-treatment, in practice, is limited to 
the mother-culture medium; it is reasonable to suggest that the activity of 
the mother culture diould be maintained at a high level. From the stand- 
pemt of dimination of competitive microbial activity, heating milk for one 
hour at 100“ C. is usually sufficient. However, it appears that there is some 
justification for the use of heating periods of 2 to 4 hours. In view of the 
observed decrease in potential with increased exposure to the various tem- 
|>eratuxes, it is probable that the longer heating periods provided a more 
suitable reducing environment for the starter bacteria. 

A ctoaipiem^tary problem which warrants investigation ia the effect on 
starter ^etivity of serial subculturing in milk samples heat-treated under 
vsri^ bonditioia. 

The :eoiapoBiti<m of the mQk in which Swiss cheese starters are cultured 
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is apparently of greater importance in affecting their activity. It was ob¬ 
served that great differences in rate and extent of acid production occurred 
when milk from different sources was used. There are factors causing 
appreciable variations in the composition of skimmilk, such as feed, breed 
of cow, season, etc. The percentage variations of the major constituents 
(lactose, protein, ash, water) are relatively small, however, and it seems 
unlikely that such small differences would effect the large variations ob¬ 
served in starter activity. Baker and Hammer (1) found this true in the 
case of butter cultures, and unpublished work by us has confirmed it for 
Swiss cheese starters. It is suggested, therefore, that the known variations 
in milk of various bacterial growth factors (2,14, 15,19) may be the impor¬ 
tant factors in limiting Swiss cheese starter activity. A study of the effect 
of such variations is being carried out at present. 

SUMMARY 

1. Heat-treatment of milk from a single source at 80° C. for periods up 
to 4 hours bad little effect on the aetivit}’' of Swiss cheese starters subse¬ 
quently inoculated. 

2. Heat-treatment at 100° C. for 2 to 4 hours increased the rate of acid 
production by the starters over that occurring in milk heated a shorter br 
a longer period. Similar stimulation was observed in milk heated at 120° 
C. for 30 to 45 minutes. 

3. The redox potential of the milk samples showed a downward trend 
with increase in temperature or with the longer holding periods at any one 
temperature. 

4. The increased rate of acid production in milk heated at 100° C. for 
2 to 4 hours appeared to be due to an increased growth rate, since the fer¬ 
menting capacity of the cells decreased progressively in milk heated for the 
longer periods. 

5. The composition of the milk, as determined by source, had a greater 
effect on the activity of the starters than heat-treatment. 

6. It is suggested that important differences in the activity of Swiss 
cheese starters may be due to variations in (1) the oxidation-reduction 
potential in milk and (2) the growth factor content of milk from different 
sources. 

KEFERBNCES 

(1) Baker, K. P,, and Hammer, B. W, Influence of the Milk on the Starters Made 

from It. Iowa Agr. Kxpt. Sta. Res. Bui. No. 92. 1926. 

(2) BoOHER, Lela E., and Hartzleb, E. R. The Vitamin B, Content of Foods in 

Terms of Crystalline Thiamine. U. S. B. A. Tech. Bui. No. 707. 1939. 

(3) BtJRKEY, L. A., AND Frazier, W. C. The Influence of Certain Milk Bacteria on 

Swiss Cheese. Jour. Bact., 19: 49. 1930. Abstract. 

(4) Bxtbket, L. a., Matheson, K. J., and Frazier, W. C. Unpublished manuscript 

received from the Bureau of Dairy Industry, Washington, D. C. 



948 


M. E. TYLER AND H. H. WEISER 


(5) Buakey, L. a., and Sanders, G. P. The Influence of Bacterial Growth and Acid 

Production on the Braining of Swiss Cheese in the Press. Jour. Bact., 23: 61. 
1932. Abstract. 

(6) Bubkey, L. a., and Watson, P. D. Unpublished manuscript received from the 

Bureau of Dairy Industry, Washington, D. C. 

(7) Doane, C. F., and Eldredoe, E. E. The Use of Bacillus hulgaricus in Starters for 

Making Swiss Cheese. U. S. B. A. Bui. No. 148. 1915. 

(8) Eluker, P. B., and Frazier, W. C. Factors Affecting Activity and B[eat-Be8is- 

tanco of Swiss Cheese Starter Cultures. II. Influence of Culture. Medium. Jour. 
Dairy Sci., 22: 821-830. 1939. 

(9) Frazier, W. C., Burkey, L. A., Matheson, K. J., and Watson, P, D. The Use of 

Certain Streptococci as Starters for Swiss Cheese. Jour. Bact., 19: 60. 1930. 
Abstract. 

(10) Frazier, W. C., Burkey, L. A., Matheson, K. J., and Watson, P. D. Thermophilic 

Streptococci as Starters for Swiss Cheese. Jour. Dairy Sci., 16; 387-399. 1933, 

(11) Frazier, W. C., Johnson, W. T., Jr, Evans, F. B., and Bamsdell, G. A. The 

Bacteriology of Swiss Cheese. III. The Belation of Acidity of Starter, and of 
pB[ of the Interior of Swiss Cheeses to the Quality of Cheeses. Jour. Dairy 
Sol, 18: 503-510. 1935. 

(12) Gould, I. A. A Study of the Beducing System of Milk. Jour. Dairy Sci., 23; 

977-984. 1940. 

(13) Hammer, B. W., and Baker, M. P. Studies on Starters. Iowa Agr. Expt. Sta. 

Bos. Bui. No. 106. 1928. 

(14) Hand, D. B. Determination of Biboflavin in Milk by Photoelectric Fluorescence 

Measurements. 3nd. and Eng. Chem., Anal. Ed., 11: 306. 1939. 

(15) Jukes, T. H. The Distribution of Pantothenic Acid in Certain Products of Natu¬ 

ral Origin. Jour. Nutr., 21: 193. 1941. 

(16) Bahn, Otto. Physiology of Bacteria, pp. 404-408. P. Blakiston^s Son and Com¬ 

pany, Inc. Philadelpliia. 1932. 

(17) Booers, L. a., and Whittier, E. O. Limiting Factors in the Lactic Fermentation. 

Jour. Bact., 16: 211-229. 1928. 

(18) Sherman, J. M., and Hodge, H. M. The Thermophilic and Anaerobic Nature of 

Lactobacillus bulgaricus. Science, 84: 208-209. 1936. 

(19) Snell, E. E., and Wright, L. 1'/. A Microbiological Method for the Determination 

of Nicotinic Acid. Jour. Biol. Chem., 139: 675-686. 1943. 

(20) ThAni, Johannes. BAkteriologiseho Studien uber Labmagen und Lab. Ein Beitrag 

Eur Kenntnis der Bereitung dcs Kaseroilabes. Landwirt. Jahrb. der Schweiz, 20: 
181-242. 1906. 

(21) Tyler, M. E. Classiflcation of Swiss Cheese Starter Cultures and Factors Affecting 

Their Activity. Thesis, The Ohio State University Library, 1940. 

(22) WeisEr, H. H. Some Microorganisms Associated with Gassy Swiss Cheese. Natl. 

Butter and Cheese Jour., 32: 20. 1941. 



THE DENSITY OF MILK PAT: ITS RELATION TO THE ACCURACY 
OP THE BABCOCK TEST 
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Vermont Agricultural Experiment Siationf and Suhcommittee on Testing Milk and 
Cream of the American Dairy Science Association 

This is the first of a series of papers dealing: with the factors that affect 
the accuracy of the Babcock fat test. The Vermont Agricultural Experi¬ 
ment Station in cooperation with the sub-committee on testing milk and 
cream of the American Dairy Science Association undertook a comprehensive 
regional and seasonal study of this problem. 

The present paper deals with the en’or introduced by the deviation of 
density of the materials comprising the ‘ ‘ fat’ ’ column from the assumed value 
of 0.9 at 60® C. This assumption has not been subjected to critical and 
detailed research for milk although a limited amount of data has been pub¬ 
lished on the cream test. Comparative data are given in the present study 
on the density and the coefficient of expansion of the Babcock column mate¬ 
rials and purified fat from identical sources. Subsequent papers will report 
studies on the problem of temperature of reading, the composition of the fat 
column, and on the residual fat in the acid hydrolysate. 

REVIEW OF THE LITERATURE 

Density 

Examination of the literature revealed a number of values for the rela¬ 
tive mass of milk fat (1, 5, 6, 7, 8, 11,12, 14,17,18, 19, 20, 21, 24, 25, 26, 27, 
28, 29, 30, 32, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43).® As early as 1883, Lieber- 
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mann (21) emphasized the dependence of accuracy in volumetric fat tests 
on density values accurately determined at the temperature of reading. 

Very few data were found for the resultant density of the materials esti¬ 
mated as fat in the Babcock test. Babcock, himself (3), assumed the specific 
gravity of these materials to be 0.9 at about 49®® and reported that reading 
the tests of milk containing five per cent fat at 43® or at 66® resulted in dif¬ 
ferences of less than 0.1 per cent. Hunziker et aL (15) assumed a density 
of 0.9 at 57®. 

Recently Miller et ah (22) have measured the density of filtered milk fat 
and fat obtained from cream test columns. They report mean values at 
60® of 0.89169 for filtered fat, 0.89347 for fat extracted by the Mojonnier 
method,^® and 0.89512 for fat from the Babcock test. It is assumed that 
these values represent true density although no dimensions are given. 

Two workers have attempted to account for part of the error of the Bab¬ 
cock test on the basis of deviation of the density of the fat from a value of 
0.9 at the temperature of reading. Their calculations are based on the den¬ 
sity of purified fat rather than on that of fat from the Babcock column. 
Bailey (4) reported a density value for purified milk fat of 0,8974 at 49®. 
This varied by 0.00068 per degree; on this basis he calculated that the density 
would be 0.9 at 45® and that reading the Babcock test at 54® would introduce 
an error of 0.032 per cent for milk averaging 4.61 per cent fat, Dahlberg 
(10) estimated the density of milk fat as 0.8943 at 55.5® and calculated that 
Babcock readings Would be 0.02 to 0.03 per cent too high if read at 57.2®. 

Coefficient of Expansion 

Calculations of density of fat at temperatures other than those of mea¬ 
surement are possible if either the coefiBcient of expansion or the coefficient 
of density change is known. The literature revealed no determinations of 
the coefficient of expansion of fat from the Babcock test, but a few deter¬ 
minations and calculations for purified fat were found (21, 24, 26, 29, 39, 
41). Webster (39) used such a value (0.00064) to calculate that a change 
of 0.0178 per cent occurs in milk testing 5 per cent fat for every 5.55® change 
in temperature. Cochran (9) stated that no differences in volume of fat 
could be observed with small differences in temperature. 

Bailey ^s (4) value for density change of 0.00068 per degree represents a 
coefficient of expansion of 0.00075t based on his value of 0.8974 for density 
at 48.8®. 


METHODS 

This study was based on the fat obtained from the Ayrshire, Holstein, 
Guernsey and Jersey bre^ of daily Wtle. Sufficient milk was obtained 
from ^ch breed to nullify Ihe effects of stage of lactation and of individu- 
» AH t^^atiures are in degrees Centigrade. 

modifieatieii the Bdese-Gbitlieb xnethad. 
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ality of the cows. At the Vermont Station samples were taken weekly for 
one year from the Jersey and Holstein breeds, from a University composite 
and from a local creamery composite. At the Kansas Station samples were 
taken from each of the four breeds twice monthly. At Ohio State Univer¬ 
sity samples were taken from each breed during February, March, April 
and May, while at the Illinois Station samples were taken during the same 
period, with the exception of May. The herds in all instances were fed and 
managed according to well established practices. 

The Babcock test was conducted essentially according to official methods 
(2). The milk was sampled at approximately 21®, and the pipettes were 
filled slowly to avoid incorporation of air, and drained for approximately 
ten seconds, with the last milk being blown out. Sulfuric acid was tempered 
to 21.1®, 17.5 ml. being used of specific gravity 1.82 and 15 ml. of specific 
gravity 1.83. No test bottles were used that showed any inaccuracies that 
could be detected by the mercury method of calibration. At the Vermont 
Station the test bottles were shaken five minutes after the addition of acid 
with a shaking device sold by the Cherry-Burrell Corporation of Chicago, 
Illinois. At the other cooperating stations the bottles were shaken by hand. 
Electrically heated centrifuges w^ere used. At the Vermont Station the tests 
were estimated with the aid of a special reading device (16), while at the 
other stations the conventional hand calipers \vere used. 

For the specific gravity determinations the fatty materials from 24-48 
test bottles w’ere collected by suction into a 125-ml. Erlenmeyer flask directly 
from the water bath at 60°. The flasks were tightly stoppered and kept in 
a refrigerator at 7®~9®. The last four tests of each sample were left in the 
batli and estimated for fat. The purified milk fat was prepared from the 
same milk by separating 20 quarts at 26®~28®, cooling the cream to 10®-13® 
and churning it in a small four-quart glass churn. The butter was washed 
twice with water at about 10® and a portion melted in flowing steam. Bab¬ 
cock cream test bottles were filled to the base of the neck with melted fat 
and whirled in a hot centrifuge for five minutes. The clear fat was decanted 
into 250-ml. Erlenmeyer flasks and dissolved in approximately equal volume 
of reagent acetone and filtered through 15 cm. No. 1 filter paper into alumi¬ 
num dishes. The acetone was evaporated and the fat was dried in an oven 
at 23-25 inches of vacuum for 5-6 minutes and cooled in a desiccator for 5 
minutes. The Mojonnier apparatus (23) was used to evaporate the acetone 
and to dry the fat. The samples of milk fat were kept in tightly stoppered 
bottles in a refrigerator at 4®-5® until the physical and chemical constants 
were determined. This was done within 72 hours. 

The method used for determining the specific gravity w’as essentially that 
described by Siebel and Kott (31). Ten-ml. conical pycnometers wdth ther- 
This step was probably unnecessary, but since it had been employed at the begin< 
ning of this work, it was continued to insure a uniform treatment to all samples. 
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mometers ground to serve as stoppers and with capillary overflow tubes were 
used. To reduce the effect of buoyancy in weighing, a counter-poise was con¬ 
structed that had nearly the same displacement as the pycnometer and 
weighed about one gram less than the pycnometer filled with fat. The pyc¬ 
nometers were carefully cleaned and dried after each determination. 

The samples of purified milk fat were transferred to the pycnometer at 
about 30° with 10-ml. Mohr pipettes. Next the thermometer was inserted 
and the instrument placed in a water bath at 37.5° ± 0.1 for 16 minutes to 
permit the excess fat to escape through the capillary tube. The tube was 
capped and the pycnometer carefully dried with a clean cloth or with ether 
and cooled to room temperature of approximately 21°~22° in a desiccator 
and weighed. The determinations of the fatty materials from the Babcock 
test were made in the same manner except they were evacuated at 23-25 
inches for three minutes to remove bubbles of air. All determinations were 
made at 37.5°/37.5° with 'water as the base. 

To determine the coefficient of expansion, 10-ml. dilatometers with necks 
containing 0.5 ml. and graduated in 0.01-ml. divisions and fitted with stop¬ 
cocks were used. They were calibrated with mercury at 20°-21°. In mak¬ 
ing determinations, the melted fat at about 30° was drawn in until it entered 
the graduated neck. The stopcock was then closed. The dilatometer was 
immersed in the water bath at 30° for 10 minutes and the position of tlie 
meniscus on the graduated scale recorded. The bath was heated to 40° 
and the reading taken again after 10 minutes. Similar readings were taken 
at 50° and 60°. The coefficient of expansion was calculated by the following 
general formula-: 

V2-V. 

Where: 

C = expansion coefficient (in ml. per ml. per °C.). 

Vi = initial volume. 

V 2 = final volume. 
ti = initial temperature, 
t 2 final temperature. 

Some check measurements were made later with dilatometers having 
0.3-mL necks graduated in 0,001-ml. divisions. The body of these dilatom¬ 
eters was fitted ivith copper-constantun thermocouples so as to obtain the 
temperature of the fat within 0.3° at any time during the determination, 
A Leeds and Northrup type potentiometer was used. 

RESULTS 

The coefficient of expansion of purified mfik fat and of the corresponding 
materials tttracted as fat in the Babcock teat were determined weekly dur¬ 
ing the fir^ six months of 1939 from the Holstein and the Jersey breeds, 
from cbmnositea of the University herd milk and from composites of a local 
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milk supply. A detailed analysis of the data failed to show any relation 
between the values and the breed or season that might influence the Babcock 
test. The results for each temperature interval are summarized in table 1. 


TABLE 1 

Coefficient of expansion of purified milk fat and of the materials extracted 
as fat in the Babcock test* 



Babcock test fat 

Purified milk fat 

®C. 

®C. 

30-40 

40-50 

50-60 

30-40 

40-50 

50-60 

Jersey 

75.85 

75.62 

76.65 

78.53 

79.00 

78.93 

Holstein 

75.01 

75.42 i 

74.22 

78.44 

78.45 

78.02 

Univ. comp. 

75.06 1 

j 75.98 I 

1 75.12 

78.36 

78.07 

79.08 

Creamery comp. 

75.30 1 

76.02 

76.77 

78.35 

j 78.26 

76.61 

Aver. . 

75.30 1 

1 75.76 

1 75.69 

78.42 

1 78.44 

78.16 

Aver, of all 


75.58 



78.34 



* Values to be multiplied by 10”®. Coefficient of expansion is expressed in ml./ml./ 


It is evident that the figures do not vary greatly within the temperature 
ranges studied. Probably due to impurities, the coefficient of expansion of 
the materials extracted as fat from the Babcock test was slightly lower in 
every temperature range than that of the milk fat. This work was checked 
with the more precise dilatometer on purified milk fat. The averaged re¬ 
sults of 10 determinations for each temperature interval are summarized 
in table 2. These results confirm those in table 1 for purified milk fat. 

TABLE 2 

Coefficient of expansion determinations of purified milk fat made with the 
more precise dilatometer* 


Temperature 

Coefficient of expansion 

«C. 


30-35 

76.12 

35-40 

77.90 

40-45 

81.04 

45-50 

80.94 

50-55 

78.79 

55-60 

79.38 

Aver. 

79.03 


* Values to be multiplied by 10'®. Coefficient of expansion is expressed in nil./ml./ 
®C. 

Effect of season. A comparison of the average density values at 60° for 
pari£e(l milk fat from the Holstein, Jersey and the mixed breeds over a 
period of one year revealed no significant monthly or seasonal differences as 
idiovm in table 3. These data show a remarkable degree of uniformity for 
the different breeds in two widely separated sections of the United States. 







TABLE 3 

Average deimiy of purified milk fat by months during 1939 
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These determinations were made as specific gravity at 37.5°/37.5°, but 
were converted to density at 60° because the materials estimated as fat are 
alleged to have a density of 0.9 at this temperature. The following foi’mula 
was used for the conversion: 


Sp. Gr. at 60°/37.5° = 


Sp. Gr. at 37.5°/37.5° 

1 + [78.34 X 10-» (60° - 37.5°) J 


Density at 60° = Sp. Gr. at 60°/4° = Sp. Gr. 60°/37.5° x 0.99318. 

The figure 0.99318 is the density of water at 37.5°, while the factor 
78.34 X 10 ■'* is the coefficient of expansion of the purified milk fat. 

The averaged results that are summarized in table 4 likewise show no 
marked vaiiations between different geographical locations. 


TABLE 4 

Average density of purified milk fat hy breeds 


Station 

No. of 
samples 
per 
brood 

Density at 60® in gms./ml. 

Ayrshire 

Holstein 

Guernsey 

J ersoy 

Mixed 

California 

1 





0.8887 

Illinois 

2 

0.8904 

0.8905 

0.8906 

0.8903 

0.8895 

Kansas 


0.8891* 

0.8891* 

0.88921 

0.88921 

0.8891 

Ohio 

8 

0.8904 

0.8905 

0.8909 

0.8905 

0.8904 

Vermont 

48 


0.8888 


0.8889 

0.8889t 


* Composite sample of milk from the Holstein and Ayrshire breeds used, 
t Composite sample of milk from the Guernsey and Jersey breeds used. 
t ATerage of samples. 


Effect of feed. Limited data have been obtained on the effect of feed 
on the density of milk fat. At Ohio a comparison was made of the effect of 
dry feed and of pasture on density. The results in table 5 show a slightly 

TABLE 5 

Mclaiion of feed to the density of purified milk fat obtained at the Ohio station 



Bations 

Breed 

Winter 


Pasture 


Density at 60° in gms./ml. 

Ayrshire . 

Holstein. 




0.8908 

0.8905 



0.8905 

Guernsey . 

0.8910 



0.8906 

Jersey . 

Mixed . 




0.8910 

0.8908 

Average . 




0.8907 


greater density for fat from three of the five groups of cows on pasture as 
compared with dry feeding; however, the differences are small. At the 
Illmois Station a marked effect on the composition of butterfat obtained by 
adding com oil to a standard ration resulted in density values of 0.8892 and 
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0.S903, respectively, the corresponding iodine numbers of the milk fat being 
51 and 44. These data, together with those in table 3 indicate that changes 
in the ration, season of the year or a combination of these two factors exert 
no significant effect on the density of purified milk fat that might cause 
direct variations in estimating fat by the Babcock method. 

E^ect of method of extraction. The specific gravity of the fatty material 
from the Babcock test was determined at 37.5°/37.5° and converted to den¬ 
sity at 60° by means of the formula used for the purified fat, except that 
the value 75.58 x 10’® was used as the coefficient of expansion. As shown 
in table 6 the fatty material showed a higher density than the purified fat. 


TABLE 6 

Comparison of the density of the material estimated as fat hy the Bahcoch method with 
purified milk fat from the same milk 


Source 

Number 

Average density at 60° in gms./ml. 

Babcock test fat 

Purified milk fat 

Milk 

Cream 

Milk 

Cream 

Kansas . 

50 


0.8931 

0.8892 

0.8894 

Ohio . 


0.8918 


0.8906 


Vemont ... 




0.8881 

0.8882 

Average. 


0.8918 

0.8926 

0.8893 



The mean density of the material from the milk test was 0.8918 at 60° as 
compared with 0.8892 for the corresponding purified fat, while the mean 
densities of fatty materials from the cream tests and their comparable puri¬ 
fied fats were 0.8926 and 0.8888, respectively. The higher density of the 
fatty materials is undoubtedly due to the inclusion of impurities. This was 
shown at the Illinois Station where the fatty materials from the Babcock 
^t and the neutral fat from the, same source were purified by the method 
already described and both had an average density of 0.8900 at 60°. 

Error in reading the Babcock test at 60° C. The Babcock test bottle is 
calibrated on the assumption that the fatty material has a density 0.9 at 
56°-60° C. At the Vermont Station the various milks were estimated for 
fat as part of the routine in making the density determinations of the fatty 
materials. The average fat estimations of milk from the Holstein and Jer¬ 
sey breeds and the average densities of the fatty materials from the Babcock 
test for the year 1939 are summarized in table 7, together with the calcu¬ 
lated errors and corrected readings. The following formula was use<l to 
compute the error; 

Errmr ^ Babcock reading at 60° - ^Babcodc reading x 

The materials estimated as fat in milk by the Babcock method have a 
density of Ijsss than O.9. The calculations indicate an overreading of as 
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much as 0.05 per cent on milk of high fat content, while the difference is 
not so great on milk of lower fat content. In these calculations it is assumed 
that the fatty materials reach an equilibrium temperature of 56®-^0° within 
five minutes after the test bottles are placed in the water bath, and that the 
entire fat column consists of fatty materials—although it includes the upper 
meniscus and the lower part which is usuall}" curved and not horizontal. 

The fatty materials from the Babcock test showed greater fluctuations in 
density than did the purified fat. This is evident by comparing the density 
of the purified fat of the Holstein and Jersey breeds from the Vermont 
Station in table 3 with the density of the corresponding fatty materials from 
the Babcock test of the same breeds in table 7. There was a tendency for 

TABLE 7 

Error in reading the Babcoclc test at €0° when corrections are made for the true 
density of the fatty materials 


1939 

J eraey 

Holstein 

Fat 

Density 

(60°) 

Cor¬ 

rected 

Error 

Pat 

Density 

(60°) 

Cor¬ 

rected 

Error 


% 


% 

% 

% 


% 

% 

Jan. .. 

5.6667 

0.8943 

5.6308 

-h 0.0359* 

3.0208 

0.8970 

3.0107 

+ 0.0101 

Feb. 

4.9312 

0.8968 

4.9137 

+ 0.0175 

3.0469 

0.8971 

3.0371 

+ 0.0098 

Mar. . . 

5.4650 

0.9004 

5.4674 1 

-0.0024t 

3.0250 

0.8986 

3.0203 

+ 0.0047 

Apr. . i 

5.1125 

0.8945 

5.0812 

+ 0.0313 

3.2938 

0.8982 

3.2872 

+ 0.0066 

May 

5.1375 

0.8965 

5.1175 

+ 0.0200 

3.3417 

0.8964 

3.3283 

+ 0.0134 

Jane 

5,0375 

0.8981 

5.0269 

+ 0.0106 

3.1458 

0.8996 

3.1444 

+ 0.0014 

July 

5.0375 

0.8962 

5.0162 

+ 0.0213 

3.1188 

0.8950 

3.1014 

+ 0.0174 

Aug. 

5.3833 

0.8936 

5.3450 i 

+ 0.0383 

3.2656 

0.8960 

3.2511 

+ 0.0145 

Sept. 

5.6958 

0.8931 

5.6521 

+ 0.0437 

3.5792 

0.8928 

3.5506 

+ 0.0286 

Oct. 

5.1844 

0.8902 

5.1279 

+ 0.0563 

3.7750 

0.8898 

3.7322 

+ 0.0428 

Nov. 

5.1938 

0.8919 

5.1471 

+ 0.0467 

3.1406 

0.8914 

3.1106 

+ 0.0300 

Dec. 

4.9625 

0.8917 

4.9168 

+ 0.0457 

3.0042 

0.8924 

2.9788 

+ 0.0254 


* Overreadings, positive, 
t Underreadings, negative. 

the densities of fatty materials estimated by the Babcock test to show a grad¬ 
ual decrease beginning in early summer and continuing until fate fall, 
especially for the Jersey fat; this was not so evident for Holstein fat. 

DISCUSSION 

These data indicate that the density of the purified milk fat is uniformly 
constant and is not affected, significantly, by breed, season or feed. The 
density of the materials from the Babcock test estimated as fat showed 
greater variations that may have been due to the method of obtaining the 
fatty materials, to inherent variations that occurred in conducting the Bab¬ 
cock test or to inevitable changes in the chemical composition of the milk 
fat. The density figures for the fatty materials are minimum rather than 
values, because in aspirating these materials from the neck of the 
test bottles it was not possible to obtain the film of water next to the glass. 
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The amount of this watery material is greater at the edges near the lower 
part of the fat column than at the middle or near the top. The fatty mate¬ 
rials estimated as fat have a density of less than 0.9 at 60®. If these 
materials reach an equilibrium temperature of 60° within five minutes, then 
a fundamental error is introduced in the Babcock test for milk and for 
cream, because the estimations would be too high. It may be assumed that 
this deviation in density below 0.9 is within the limits of error in reading 
the fat column. However, if the test bottles are more finely calibrated, and 
if more precise methods are used in reading the Babcock test, then these 
differences in density would be of some significance. 

The coefScient of expansion of the purified milk fat and of the mate¬ 
rials estimated as fat is practically constant within the temperatures studied, 
with the purified fat having the highest value. 

SUMMARY AND CONCLUSIONS 

1. The density of the purified milk fat in this studj" was relatively con¬ 
stant and was not affected to any marked extent by breed, season or feed. 

2. The density of the fatty materials estimated from Babcock test as fat 
is higher than that of the corresponding purified fat, but for both types of 
fat is less than 0.9 at 60°; this introduces a fundamental error in the Bab¬ 
cock test. 

3. The coeflBicient of expansion of the purified fat averaged 78.34 x 10 ® 
and of the material estimated as fat, 75.58 x 10’®. 
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THE PHOSPHATASE TEST AS USED BY THE MASSACHUSETTS 
DEPARTMENT OP PUBLIC HEALTH FOR LAW 
ENFORCEMENT PURPOSES* 

, HEEMANN C. LYTHGOE 

Food and Drug Division, Massachmetts Deparimcnt of Public Health 

The April, 1942, number of the Joubnal of Dairy Science contains a sta¬ 
tistical article by L. H. Burgwald (2) upon ‘‘The Phosphatase Test—^Extent 
of Use in North America,from an address presented at a meeting of the 
American Public Health Association, October 16, 1941. The following is 
quoted from the article: 

“One state laboratory stated that they used the Scharer Field and Labo¬ 
ratory tests for detecting underpasteurization, and used the findings as a 
basis for prosecution. 

“The answers to question 10, ‘Have you noticed any decrease in the num¬ 
ber of samples improperly pasteurized as compared to the first time tests 
were made?’ indicates that the phosphatase test has been of decided value in 
insuring proper pasteurization. One hundred thirty-seven answered ‘Yes’ 
while 32 answered ‘No.’ The majority of those stating the amount of 
decrease reported that it is more than 50 per cent.’’ 

In the spring of 1939 I was informed, much to my surprise, that appar¬ 
ently only in the State of Massachusetts was the phosphatase test used for 
the purpose of prosecuting persons who represented raAV milk or incompletely 
pasteurized milk as pasteurized. The results of the questionnaire by Burg¬ 
wald indicate that apparently there has been no change in this situation 
during slightly more than two years, for Massachusetts is the State referred 
to in the above article. During the discussion of Burgwald’s paper a state¬ 
ment was made to the effect that a positive phosphatase reaction should not 
be used as a basis for prosecution. My associate, E. B. Boyce, then outlined 
a certain specific instance of a violation discovered by the use of this test 
’which resulted in the prosecution and conviction of the responsible person. 
Subsequently during the discussion a representative from Florida stated that 
he also had used the phosphatase test for prosecution purposes (1). It seems 
improbable that only in Massachusetts is this test used to prosecute persons 
for fraudently selling a potentially dangerous article bearing a safety 
label. There has recently been published a statement that the Division of 
Health of Dayton has secured a conviction through the use of the phospha¬ 
tase test (3). In Massachusetts the test is used for law enforcement purposes 
not only by the State Health Department, but also by the milk inspectors of 
some of the cities. 

Beeeived for publication May 23, 1942. 

* Presented in part at a meeting of the Association of Official Agricultural Cliemists, 
Washington, P. C., October 31, 1939. 
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In 1937 the Massachusetts Department of Public Health secured 16 convic¬ 
tions for representing as pasteurized certain milk not heated to a tempera¬ 
ture of at least 142'* F. and held at such temperature for not less than 30 
minutes. The evidence in 8 of these eases was direct evidence, but the evi¬ 
dence in the balance was secured by the phosphatase test. In 1938 a system¬ 
atic drive was made against those who were suspected of ‘‘^cheating” which 
resulted in 42 convictions. In 1939 there were 19 convictions; in 1940 there 
were 14 convictions; and in 1941 there were but 9 convictions. The validity 
of the phosphatase test was not questioned in any of these cases. In 1938 
the phosphatase test was applied to 3,117 samples of bottled milk and cream 
represented as pasteurized, of which 112 or 3.59 per cent gave positive reac¬ 
tions. In 1941 the test was applied to 3,679 similar samples of which 35 or 
0.95 per cent were positive. This represents a reduction of nearly 71 per 
cent in the number of improperly pasteurized samples in a four-year period. 
The reactions classed as positive for the purpose of the above computations 
include all reactions ranging from those produced by straight raw milk up 
to and including doubtful reactions. A recent report from a state, showing 
no prosecutions for this type of offence during 1941, states that of the sam¬ 
ples represented as pasteurized “19 per cent were found to be either raw or 
underpasteurized when examined by the phosphatase test.” 

In view of the apparent situation regarding prosecutions, the Massachu¬ 
setts procedure may be of interest. Prior to the adoption of the phosphatase 
test evidence of violations of this character could be obtained only with diffi¬ 
culty. In some instances, convictions were obtained by evidence showing 
that the recording thermometer chart had been rotated, thereby giving a 
false impression that the milk had been held at the pasteurization tempera¬ 
ture for the proper time. In other instances, the mercury thermometer was 
inaccurate, the scale apparently having been adjusted at the pasteurizing 
plant. If the inspectors happened to arrive at an establishment under sus¬ 
picion as the milk was being heated, they would stay at the plant long enough 
to time the recording thermometer. They would then leave the plant before 
the milk reached the pasteurizing temperature and would return in about 
twmity minutes. Occasionally, during this period, the milk had reached the 
pasteurizing temperature, had apparently by the thermometer chart been 
held at that temperature for thirty minutes, and much of it had been bottled. 
By means of this and similar procedures, thirteen convictions were secured 
in 1935, one in 1986, and eight in 1937. 

Prior to its adoption for official work, the phosphatase test was studied 
f<Hr several months, usii^ laboratory pasteurized milk, milk collected for bac¬ 
terial examination m efficiency tests, comniercial milk obtained from dealers 
knoisn to be reputable, and also on milk collected from dealers suspected to 
^o&erpnse. The first ease was tried mi September 23,1937, in the Distriet 
Court i4 Ibutera Essex, sitting at Gloucester, Massachusetts. The defendant 
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entered a plea of ^*not guilty’* but admitted a finding of “guilty.” The 
judge then stated that he would hear the case in his lobby after adjournment. 
The judge gave the chemist a thorough cross-examination upon the merits of 
this new test. The defendant’s lawyer also had an opportunity to do like¬ 
wise. The judge then imposed a substantial penalty which the defendant 
paid. This probably was the first presentation in any court of the United 
States of this method of analysis. 

In no case prosecuted have we been able to find faulty apparatus, etc., the 
cause for improper pasteurization. But in our opinion, the condition or con¬ 
ditions found were due to deliberate violation by someone in authority at the 
plant w’ho had no misgivings in selling unpasteurized milk or raw milk as 
pasteurized. The following conditions responsible for the positive reactions 
by the phosphatase test have been found: putting pasteurized labels on con¬ 
tainers of raw milk; bottling pasteurized milk subsequently to raw milk with¬ 
out washing the cooler, pipe lines and filler; adding raw milk to a vat of 
pasteurized or nearly pasteurized milk during the holding period or while 
drawing off; operating without a leak escape valve or plugging the leak 
escape outlet in a leak escape valve with the effluent piping connected; catch¬ 
ing the drip from the leak escape valve and putting it into the vat before 
drawing off; drawing off prior to the expiration of the holding period but 
keeping the temperature up so that the chart would show legal pasteuriza¬ 
tion; rotating the recording thermometer chart; pasteurizing at a low tem¬ 
perature and making, on the recording thermometer chart, a false record of 
the corresponding readings of the mercury and recording thermometers dur¬ 
ing the holding periods; lowering the metallic scale of the mercury ther¬ 
mometer ; buying pasteurized cream containing 40 per cent fat and reducing 
it to 36 per cent by the addition of raw skim milk or raw whole milk; and 
by separating unsold and returned bottled milk, both raw and pasteurized, 
without exercising sufficient care to exclude all the raw milk from the mix¬ 
ture to be separated. Proprietors of plants where such conditions existed 
have been prosecuted. 

The routine procedure first employed by the Department was developed 
for the purpose of answ^ering all probable as well as improbable questions 
and criticisms that might be raised against the test by any attorney or his 
expert witness. Experience has shown that it is not always necessary to 
follow this entire procedure, but it is usually advisable to make the efficiency 
test. The procedure is as follows: The inspectors collect samples in the usual 
manner from milk wagons, stores, and pasteurization establishments. When 
the milk reaches the laboratory, the Scharer (4) modification of the phospha¬ 
tase test, 10 minutes’ incubation, is applied to all samples represented as 
being pasteurized. The Scharer modification of the phosphatase test is pre¬ 
ferred first because it saves considerable time and consequently hastens the 
supplemental and follow-up work, and second because it is more easily ex- 
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plained to and understood by the judge and the jury, if any, than would be 
the phenol number. If the phosphatase test shows incomplete pasteuriza¬ 
tion, it is repeated, usually for a longer incubation period, upon another por¬ 
tion of the milk, and if positive, there is added to a third portion of the milk 
the reagent used for detecting the presence of phenol. If phenol is shown 
to be absent, it is therefore, very evident that there is no phenolic body in 
the milk which will give the reaction. Another portion of the milk is placed 
in a test tube and heated to 142® P. One-ml. portions are removed every 
five or ten minutes during a thirty-minute period and are immediately 
placed in the cold substrate solution. Each of these portions is then incu- 

TtMm OF 

iNACnyATtON OF THE PhOSRHATASE IN MiLK 

During Commercial Pasteurization 



Hort — Samples reken at Smmute mrenuafs 

bated and after incubation is tested for the presence of phenol. If there is 
nothing in the milk which will liberate phenol by heating to 142° F. for 
thirty minutes, at least one of the above samples will show a negative phos¬ 
phatase test. This will also give an indication of the extent of under-pas¬ 
teurization, if any. 

As soon as possible after a violation has been found, the inspectors go to 
the plant where the suspected milk was pasteurized and perform an efficiency 
test daring the usual operati(ui of pasteurization. Samples of the raw milk 
are obttdned, a sample is obtained when the milk reaches 142° F., samples are 
obt^ed during the holding period at intervals of five or ten minutes, a 
saiuple Is taken from tilie outlet of the cooler, and from the bowl of the filler. 
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The first bottle from the filler is taken, and another bottle is taken ten or 
fifteen minutes later. If possible, there is obtained a bottle of milk pasteur¬ 
ized the prior day, which sample frequently gives a positive test. These 
samples are all tested by the phosphatase test, and in most instances, bacteri¬ 
ological examinations are also made. 

In all but two of the efficiency tests, the phosphatase had been inactivated 
in less than thirty minutes. In each of these two cases, the metallic scale of 
the mercury thermometer had been so changed that the thermometer read 
three degrees high and consequently the milk was not pasteurized as defined 
by law. 

After the efficiency test is made, the person involved is given an oppor¬ 
tunity to be heard, and then he is asked the impossible, namely, to explain 
why the milk was properly pasteurized when performed in the presence of 
an inspector of the Department, and why it was improperly pasteurized 
at least once when an inspector of the Department did not observe the 
process. 

It is possible that the length of time required to heat the milk up to the 
pasteurizing temperature has some bearing upon the time at which the 
phosphatase is inactivated during the holding period. If the milk is heated 
very quickly, as is done in laboratorj^ experiments, the time of inactivation 
may necessarily be longer than if the milk is heated more slowly as is the ease 
in some commercial pasteurizing establishments. 

The chart compiled from many efficiency tests made in commercial plants, 
where as far as possible complete details as to temperature and time have 
been obtained, shows the average time at w^hich the phosphatase was inacti¬ 
vated at temperatures of 142°, 143°, and 144° P., but for temperatures from 
145° to 148° P. it shows the average temperature at which the phosphatase 
was inactivated within ten minutes. In construing this chart, it should be 
understood that the samples were taken at five-minute intervals, and there¬ 
fore, in all instances, the phosphatase had become inactivated in somewhat 
less time than is indicated on the chart. 

CONCLUSION 

Violations of the Massachusetts law by representing as paste\irized raw 
or incompletely pasteurized milk have been materially reduced hy means of 
the phosphatase test, supplemented, w^hen obtainable, by other evidence and 
followed by prosecutions. 
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THE OSCILLATORY CHARACTER OF THE VARIATIONS IN THE 
WEIGHTS OP DAIRY HEIFERS 

O. A. BAKBB AND 8. W. MEAD 
Vnivertity of CMfomia, Davis 

Studies in animal growth are often complicated by wide and rapid daily 
variations in body weight. Although the investigator is primarily inter¬ 
ested in the organized body tissues there are, in addition, water and food 
recently consumed, partially digested food and waste materials which are 
responsible for most of the large and rapid changes in total weight of the 
b^y. These may mask to a considerable degree the true changes in the 
organized body tissues. An understanding of the nature of these variations 
should be of considerable value in properly evaluating results of investi¬ 
gations in the growth of dairy heifers. 

Lush et ah, (3) discussing the accuracy of beef cattle weights assumed 
that consecutive daily weights on the same animal were independent in a 
probability sense. Baker and Guilbert (1), however, showed that a signifi¬ 
cant correlation exists between the deviations of consecutive daily weights 
from trend for yearling beef cattle. Maymone and Sircana (4) examined 
the weights of mature dairy cows that were lactating and found that the 
daily weights consisted of a linear trend for periods up to 75 days plus an 
oscillatory part suggestive of a sine curve. 

The purpose of this paper is to present data for a particular non-rough¬ 
age exi>eriment which show that the weights of growing dairy heifers con¬ 
sist of a general trend plus an oscillatory variation. The character of the 
oscillatory part of the variation in the daily weights changes with the age 
of th6 heifers. For young heifers the daily weights are pronouncedly below 
or above the trend for long periods of time. When the heifers are older the 
weights are not so pronouncedly above or below trend and may change from 
above trend to below trend within short periods. The variability of the 
weights of these heifers is about constant from 3 to 10 months of age and 
then suddenly increases. Because the periods of oscillation decrease for 
older heifers and the variability of daily weights increases, the oscillatory 
nature of the deviations from trend is increasingly obscure but still definite. 
The daily weights as the heifers become older behave in a manner very sim¬ 
ilar to those for yearling beef animals already reported (1). The frequency 
distributions of deviations from trefid are compared with normal. 

DATA 

The data consist of three consecutive daily weights taken at ten-day in¬ 
tervals from 100 to 437 days of age on Holstein heifers that were born on 

Beeelved for pnblieation Majr 29, 1942. 
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TABLE 1 


Weights, mean weights and pooled varianees for 9 EoUteim heifers 'born for 1$ 

three-day periods at ten-day intervals 


Date 

Calf number 

Mesii 

Pooled 

1930 

33£ 

34E 

35£ 

36E 

37E 

38E 

39E 

40E 

41E 


variance 

Sept. 

13 

190 

170 

166 

152 

114 

186 

184 

166 

158 



14 

zoo 

172 

166 

152 

116 

190 

190 

170 

156 

168.07 

13.61 


15 

200 

178 

168 

156 

124 

192 

192 

170 

160 



Sept. 

23 

204 

184 

180 

174 

120 

192 

192 

184 

182 



24 

210 

184 

182 

174 

122 

190 

192 

186 

184 

180.74 

0.33 


25 

210 

192 

184 

178 

124 

192 

194 

188 

182 



Oct. 

3 













4 

226 

210 

206 

202 

126 

210 

208 

198 

200 

397.22 

15.78 


5 

222 

210 

208 

202 

112 

204 

212 

198 

196 


# 

Oct. 

13 

222 

224 

210 

210 

126 

210 

214 

202 

204 


1 


14 

228 

224 

212 

212 

130 

222 

214 

202 

zoo 

204.44 

9.17 


35 

226 

228 

214 

214 

126 

218 

216 

206 

206 



Oct. 

23 

264 

240 

228 

230 

146 

230 

220 

212 

220 




24 

256 

236 

224 

230 

144 

230 

214 

212 

220 

220.30 

9.1J 


25 

260 

238 

232 

228 

144 

230 

226 

216 

218 



Nov. 

2 

270 

244 

240 

228 

152 

230 

228 

214 

224 




3 

260 

250 

240 

234 

150 

242 

230 

214 

230 

227.56 

15.50 


4 

266 

252 

238 

234 

152 

242 

230 

220 

230 



Nov. 

12 













13 

292 

262 

250 

248 

160 

258 

244 

240 

242 

244.89 

4.00 


14 

298 

260 

252 

250 

160 

262 

246 

240 

244 



Nov. 

22 

304 

208 

264 

262 

164 

278 

266 

262 

262 




23 

316 

286 

262 

266 

174 

266 

270 

262 

264 

260.89 

41.78 


24 












Dec. 

2 

332 

292 

280 

290 

180 

272 

280 

284 

284 




3 

324 

295 

279 

292 

178 

274 

279 

280 

274 

275.00 

12.00 


4 

320 

290 

280 

286 

176 

274 

277 

275 

278 



Dee. 

12 

348 

304 

294 

300 

182 

284 

290 

282 

288 




13 

340 

301 

298 

301 

184 

282 

298 

288 

290 

286.33 

11.33 


14 












Dec. 

22 

340 

316 

310 

308 

192 

302 

302 

296 

3(^6 




23 

350 

316 

312 

306 

194 

310 

304 

296 

304 

299.41 

12.28 


24 

350 

320 

316 

310 

198 

306 

310 

300 

310 



mi 












Jan. 

1 

370 

328 

330 

318 

198 

302 

322 

302 

316 




2 

378 

336 

328 

316 

200 

312 

324 

308 

320 

313.26 

23.39 


3 

378 

338 

324 

322 

206 

320 

328 

310 

324 



Jan. 

11 

378 

340 

352 

306 

212 

324 

340 

320 

334 




X2 

376 

344 

348 

326 

216 

324 

350 

322 

336 

323.55 

30.50 


13 

374 

340 

342 

320 

216 

312 

344 

310 

330 


Jan. 

21 

370 

354 

362 

818 

220 

304 

352 

310 

340 




22 

880 

360 

361 

320 

224 

306 

362 

313 

343 

329.30 

25.56 


23 

388 

366 

361 

314 

228 

308 

362 

323 

342 


Jan, 

31 

360 

350 

372 

316 

244 

290 

356 

314 

352 




1 

s 

368 

344 

370 

316 

238 

298 ^ 

« 

354 

304 

348 

327.44 

18.00 
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TABLE 1— (Continued) 


Date 

Calf number 

Mean 

Pooled 

1931 

1 33E 

34E 

35E 

36E 

37E 

38E 

39E 

40E 

41E 

variance 

Feb. 

10 

398 

346 

388 

302 

246 

294 

378 

320 

368 




11 

402 

358 

390 

310 

252 

290 

382 

322 

368 

340.30 

11.83 


12 

400 

354 

388 

304 

256 

296 

382 

324 

370 



Feb. 

20 

400 

364 

4oe 

312 

276 

308 

406 

336 

370 




21 

406 

380 

412 

310 

276 

308 

406 

336 

372 

354.81 

13.83 


22 

404 

368 

412 

310 

274 

316 

408 

332 

372 



Mar. 

2 

436 

392 

414 

332 

290 

324 

420 

348 

380 




3 

438 

398 

420 

334 

288 

318 

424 

344 

382 

371.52 

21.11 


4 

432 

391 

426 

340 

281 

332 

429 

340 

378 



Mar. 

12 

462 

418 

442 

352 

290 

324 

454 

354 

376 




13 

466 

410 

444 

346 

284 

332 

464 

356 

384 

386.56 

21.55 


14 1 












Mar. 

22 

474 

434 

460 


298 

334 

470 

354 

394 




23 

474 

424 

452 


292 

326 

464 

356 

382 

297.50 

28.81 


24 

472 

422 

454 


294 

322 

464 

350 

374 




the same day. There were 9 heifers for the first 193 days and 7 of the same 
heifers for an additional 143 days. The daily weights, means of all weights 
for each three-day period, and a pooled estimate of the variance for each 
three-day period are given in tables 1 and 2. 

These heifers received a non-roughage diet consisting of a mixture of 
ground barley, soy bean meal, wheat bran, calcium carbonate and sodium 
chloride supplemented with cod-liver oil. From three to ten months of age 
their average body weights were approximately 80 per cent of Eckles* (2) 
normal. After reaching ten months of age, they rapidly approached and 
finally exceeded normal weight at fifteen months of age. 

Since these animals bloated frequently, their weight variations may be 
somewhat different than for heifers fed a normal diet containing roughage. 
However, as has been pointed out, at the later ages the w^eights of these 
heifers behaved very similarly to the weights of yearling beef cattle fed on 
a normal alfalfa hay ration (1). 

TREATMENT OF DATA 

A preliminary examination of the means and variances presented in 
tables 1 and 2 indicated that some fairly abrupt change in the character 
of the daily weights took place about April 1, 1931. At that time the rate 
of daily gain increased and the variability of the daily weights markedly 
increased. For these reasons the data were broken into the two periods. 
The data were extended as far as possible until there was again a change in 
the character of the daily weights. 

Straight lines were fitted by means of the least-squares technique to the 
weights of each heifer for each of the two periods. Several people with ex¬ 
tensive experience in curve fitting judged the straight lines to adequately 
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TABLE 2 


Weights, mean weights and pooled varianoes for 7 Molstein heifers horn g-d-1930 
for IS three-day periods at ten-day intervals 


Date 

1 Calf number 

Mean 

Pooled 

X9S1 

33£ 

34£ 

35£ 

37E 

36B 

39£ 

40£ 

variance 

April 

1 

600 

452 

482 


384 

484 



157.71 

2 

498 

450 

492 

314 


488 

366 

423.81 


3 

504 

454 

492 

316 

332 

496 

366 



April 

11 

630 

472 

498 

334 


518 

392 


30.36 

12 

540 

462 

496 

328 

344 

516 

386 



13 

542 

482 

506 

336 

350 

514 

388 



April 

21 

546 

494 

558 

348 


540 

412 



22 

532 

472 

510 

352 

358 

536 





23 

536 

490 

540 

350 

358 

544 

412 



May 

1 

530 

496 

542 

372 

382 

552 

398 



2 

550 

488 

550 

368 

384 

548 

mMm 


60.78 


3 

546 

492 

530 


392 

544 

418 



May 

11 

536 

502 

554 

374 

390 

562 

434 



12 

538 

496 

562 

382 

396 

580 

mniMi 

482.19 

22.78 


13 

550 

602 

554 

380 

390 

566 

438 



May 

21 

580 

504 

564 

402 

428 

594 

464 



22 

586 

514 

568 

406 

424 

598 

472 

507.43 

18.86 


23 










May 

31 










June 

1 

560 

524 

600 

428 

430 

612 

486 

522.43 

54.00 


2 

562 

542 


428 

448 


484 



June 

10 

564 

556 

604 

450 


624 

492 




11 


532 

612 

452 

460 

616 

491 

534.43 

63.43 

June 

20 

566 


634 

450 

444 

612 

482 




21 

552 

558 

630 

456 

468 

618 

490 

539.62 

116.50 


22 

582 

562 


464 


626 

492 



June 

30 

576 

574 

612 

472 

468 

624 




July 

1 

588 

542 


mWim 

454 

628 


544.76 

57.64 

2 

574 

556 

614 

474 

456 

628 




July 

10 

620 

570 

642 

*492 

480 

660 

550 



12 

596 

562 

626 

496 

468 

650 

536 

568.14 

119.71 


13 










July 

20 

634 

562 

638 


520 

658 

568 



21 

640 

592 

EilM 

494 

534 

664 

558 

591.24 

232.50 


22 

674 

592 

666 

484 

532 

652 

564 



July 

30 


602 

646 

498 

542 

676 




31 



680 

506 

528 

652 

548 

597.43 

207.67 

Aug. 

1 

644 

600 

690 

520 


664 

mm\ 



Aug. 

9 


Pm 



522 

664 

111 



10 


592 

740 

6t0 

538 

674 

606 




11 








Aug. 

19 

724 

688 

722 

556 

564 

674 

590 




724 

612 

720 

550 

582 

664 

606 




21 

680 

630 

732 

588 

576 

—— ^ 

642 

614 



aotount for the general trend in the daily weights within each of the periods. 
Bevititions from trend were computed as the obsenred wdght minus the 
w«ic^ given by the fitted straight line. 
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The equations of the trend lines for the first period are: 

7 - 333.6 = 1.404 (x-97.1) 

7 - 303.8 = 1.255 (x-97.1) 

7 - 308.4 = 1.505 (x-97.1) 

7 - 277.3 = 0.969 (x-97.1) 

7-197.6 = 0.999 (x-97.1) 

7 - 274.1 = 0.750 (x-97.1) 

7-308.5 = 1.486 (x-97.1) 

7 - 275.4 = 1.001 (x-97.1) 

7 - 290.2 = 1.247 (x-97.1) 
and for the second period are: 

7 - 585.2 = 1.232 (x-70.4) 

7 - 535.5 = 1.133 (x-70.4) 

7 - 600.6 = 1.604 (x-70.4) 

7 - 432.4 = 1.634 (x-70.4) 

7 - 446.4 = 1.617 (x-70.4) 

7 - 598.9 = 1.255 (x-70.4) 

7 - 485.2 = 1.685 (x-70.4) 

where 7 is weight in pounds and x is the number of da 7 s from the beginning 
of the period. 


BESUinS 


The deviations from trend show a pronounced tendenc 7 to be all positive 
or negative for each three-da 7 period for each of the two longer periods. 
The general situation is illustrated in figures 1 and 2. 

If sets of three are dra'wn at random from a population with equal num¬ 
bers of positive and negative deviations, then it is expected that ^ of all such 
sets of three are all alike in sign and f of all such sets have two like signs. 
For the data of table 1 counting onl 7 complete sets we find 105 with signs 
all alike and 20 with 2 signs alike. The probabilit 7 of this result occurring 
b 7 chance is vanishingl 7 small. 

For the data of table 2 we find 33 sets of 3 with signs all alike and 47 with 
2 signs alike. The probabilit 7 of this occurring b 7 chance is less than 1 
in 100. 

Not onl 7 do the data tend to fall above or below the trend line in sets of 
three but adjacent sets of three tend to fall in the same direction from the 
trend lines producing very pronounced oscillatoiy motions. 

The extent of variations in the deviations of daity weights due to changes 
which affect all *m’Tna.1s alike and to changes that are individual with each ani¬ 
mal was studied b 7 anal 7 sis of variance. The results are presented in table 
3. The da 7 -to-da 7 changes in environment are from 1.5 to 3 times as im¬ 
portant per degree of freedom as individual animal differences in producing 
daily variations in the deviations from trend. It follows from the F-values 
of tabu 8 that a significant positive intraclass correlation exists. This corre- 
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lation coefficient is ,18 for the first period and .08 for the second period. 
Daily weight data for yearling beef cattle showed significant intraclass corre¬ 
lations of .10 and .15 for two, thirty-day periods (1). 

A comparison of the grouped frequency distributions of the deviations 
from trend with a normal distribution was made. The standard deviation 
of the deviations for the first period was 12.65 and for the second period 


TABLE 3 

Analysis of variance showing the amount of variation in daily deviations of weight due 
to common and individual causes 


Source of Variation 

Period I 

Degrees of Freedom 

Sum of Sq. 

Mean Sq. 

Begressions 

Days 

Groups (within) 

18 

52 

413 

F = 2.98 

20,098.69 

54,391.40 

386.51 

131.70 


P<.01 



Source of Variation 

Period II 

Degrees of Freedom 

Sum of Sq. 

Mean Sq. 

BegressionB 

Days 

Groups (within) 

14 

38 

228 

P = 1.00 

13,116.45 

49,092.39 

345.17 

215.32 


P between .05 and .01 




ms 15.26. These values are about twice the standard deviations found in 
(1) for yearling beef animals (8.64 and 6.97 for full and shrunk weights re¬ 
spectively). It was seen that the combined distribution for the two periods 
did not differ significantly from normal (P > .05). The number of negative 



1. linear trends fitted to the daily weights of two heifers sad to the averages 
of nine lieifers for ages from 100 days to 800 days. 
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deviations (393) is not significantly different from the number of positive 
deviations (370). However, the variance for the first period (160.21) is 
significantly less than for the second period (233.09), (P < .01) but not 
nearly as much less than as would be expected from the pooled variances 
given in tables 1 and 2. More of the variance is due to oscillatory variation 
in the first period than in the second. The distribution of the deviations 
from trend are nearly normal as is generally expected in biological work. 
However, these deviations must be considered as being made up of two 



Pig. 2. Linear trends fitted to the daily weights of two heifers and the averages for 
seven heifers for ages from 300 days to 450 days. 

distinct parts, one due to a somewhat regrular oscillatory movement of vary¬ 
ing length and the other due to accidental or irregular causes. 

SUMMARY 

Data are presented showing that the daily weights of growing dairy 
heifers receiving a non-roughage diet consist of a general trend plus an 
oscillatory function of time which tends to become less pronounced as the 
heifers increase in age and size. The behavior of the weights of these 
heifers when older was very similar to the behavior of the weights of year¬ 
ling beef heifers fed on a normal alfalfa hay diet which indicates that the 
different behaviors at different ages observed for these heifers was a matter 
of age and not of diet. At any age there was always a tendency for a devi¬ 
ation from trend in a daily weight to depend on the deviations for the ad¬ 
jacent days. This fact must be considered in calculating the accuracy of 
the results of feeding trials. If weights that are used as the basis of con- 
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elusions in feeding trials happen to fall at the right parts of the natural 
oscillations, then very misleading results may be obtained. 

From the data presented it appears that for short time trials several 
animals should be included if possible, the enviromnental conditions be kept 
uniform, and frequent weighings throughout the trial should be made. For 
long-time trials, regular comparable weighings as often as possible should 
be made throughout the entire course of the trial. 
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THE HBRITABILITY OF BUTTERPAT PRODUCTION IN 
DAIRY CATTLE^ 

JAY L. LXJ8H AND P. 8. 8TRAU8 
Iowa State College 

The present study grew out of an earlier inquiry* into the effects which 
selection of dams might have on sire indexes. That study showed the im¬ 
portance of knowing the degree to which the observed variations in a char¬ 
acter are hereditary, if one is to predict the consequences of various breed¬ 
ing plans or to discount the effects of selection or other practices on sire 
indexes and on estimates of a cow’s breeding worth. It also indicated that 
the heritability of differences in annual butter fat production was similar 
in two different kinds of data (Iowa D.H.I.A. prior to 1937 and Holstein- 
Friesian H.I.B. prior to October, 1938) and was not very different from that 
indicated by several other studies. This suggested that heritability of but- 
terfat production might be nearly enough constant in all cattle populations 
which are of much interest to dairy breeders, that there would be little error 
in using a single figure for it when estimating the probable results of alter¬ 
native breeding procedures. 

The present investigation was focussed mainly on the question: In the 
data currently being used for proving dairy bulls, how heritable are the 
differences between the butterfat records of cows which are mated to the 
same bullf Questions of whether this really differed from breed to breed, 
and of the size and heritability of the differences found between herd aver¬ 
ages arose as incidental to the main object. 

By “hei’itability” is meant the extent to which observed differences be¬ 
tween individuals are caused by differences in the heredity which they have. 
But because differences in heredity cannot be measured directly, heritability 
must be estimated indirectly from the differences observed between indi¬ 
viduals related in such a way that their probable genetic differences can be 
computed from the laws of inheritance. The best relationship for this pur¬ 
pose generally is that between parent and offspring. Doubling the intra- 
sire regression of daughter’s record on dam’s record seems the most depend¬ 
able method for estimating heritability in data like these, where the sire 
cannot express the characteristic himself, where the dams are likely to have 
been a bit more highly selected than the daughters, and especially because 
feeding and other management practices are almost certain to have differed 
c<Hisiderablj’ from herd to herd. 

Beedved for publication June 2,1942. 

* Jounal Paper No. J-1018 of the Iowa Agrieultnrsl ilipeiiment 8tation, Ames, 
Iowa. ProjeM No. S17. 

Jay Ih, Norton, H. W. m, and Arnold, Floyd. 1941. Effeete which selec¬ 
tion of may havc on slre indexes. Joua. Daist Sci., 24: 695-721. 
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Computing the dsughter-dam regression on an intra*sire basis restricts 
the analysis to the heritability of those differences which existed among the 
mates of a sire. The extent to which differences between one group of mates 
and another such group (usually in a different herd) are caused by differ¬ 
ences in their average heredity cannot be measured directly by this method. 
Since most sires are proved in only one herd, the intra-sire basis automati¬ 
cally excludes from the likeness between daughter and dam most of the 
environmental contributions. Those sires which were proved in two or more 
herds presumably tend to have been used in herds with somewhat similar 
standards of feeding and management, as in partnerships. 

Since a daughter gets only a sample half of the inheritance her dam has, 
the regression of daughter on dam must be doubled to estimate what fraction 
of the differences between the records of the mates of a sire were due to 
differences in the heredity of those mates. This answers well enough for the 
average ^ects which each gene had in the various combinations of genes 
with which it was associated in that group of mates and daughters. These 
average effects are what is meant when we call a gene “good” or “bad,” 
or speak of it as “a gene for” high or low fat production. But if two or 
more genes have when together an effect which is greater or less than the snm 
of their average effects in that population, these differences between the 
actual and the expected effects^ are transmitted to the offspring only as far 
as the whole group of genes necessary for each such joint effect is trans¬ 
mitted intact. Thus dominance deviations are not transmitted ;^m parent 
to offspring, since only one gene of the pair concerned can be transmitted in 
any one gamete. Interactions requiring the simultaneous presence of two 
non-allelic genes would be transmitted to only one fourth of the offspring 
(in a population mating at random), interactions requiring three such genes 
would be transmitted to only one eighth of the offspring, etc. Thus the 
method of doubling the intra-sire regression of daughter on dam gives an 
estimate of heritability which includes all of the additive effects of genes, 
none of the dominance deviations, and something less than half of the effects 
of the non-linear interactions of non-allelic genes. If the non-linear inter¬ 
actions and dominance deviations of genes are abundant and large, the esti¬ 
mate of heritability derived from the daughter-dam regression will be some¬ 
what lower than an estimate based on likeness of identical twins, even after 
the latter is freed from the effect of common environment. 

80UB0E AND DESCRIFTION OF DATA 

The data consisted of the 2154 daughter-dam comparisons used in prov- 
iiq; 283 sires in Iowa Dairy Herd Improvement Associations during the 
period Jan. 1, 1986 to Dec. 81, 1989/ Only the pounds of fat produced 

• Siidi diffwenees are called epiatatic or iatcraetion efleeta it they eoneem e<md>lna- 
tinw of wm-alleUe genes, or dweanance derietions if they eoneem two all^ genes. 

* Tke investigation was began early in 1840. 
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in the iSrst 305 days of the lactation were studied. All records were cor¬ 
rected for age and were on the basis of twice-a-day milking. The average 
number of daughter-dam comparisons per sire was 7.6, the minimum of 
course being five. Only a few sires were proved by more than 10 daughter- 
dam comparisons and very few indeed by more than 20. The fat production 
figures for both dam and daughter were averages of all normal lactation 
records available. 

RESULTS 

The average productions, the pooled intra-sire correlations and regres¬ 
sions of daughter on dam, the number of daughter-dam comparisons, and 
the number of sires in each breed are listed in table 1. 


TABLE 1 

Averages and intra-sire correlations (r) and regressions (b) of daughters on dams, 

separately by breeds 


Breed 

Ave. 

dams^ 

production 

Ave. 

daughters * 
production 

r 

b 

No. of 
pairs 

No. of 
sires 

Holstein. 

384.7 

388.9 

.130 

.133 

1003 

116 

Guernsey . 

366.9 

364.8 

.147 

.147 

390 

53 

Jersey . 

373.4 

389.7 

.166 

.157 

351 

52 

Brown Swiss . . 

372.1 

362.7 

.076 

.085 

269 

40 

Ayrshire .... 

349.4 

360.0 

.270 

.208 

70 

11 

Shorthorn. 

288.0 

272.1 

.046 

.045 

58 

10 

Bed Polled . 

346.2 

213.2 

.084 

.051 

13 

1 

Average (iutra breed) 



.134 

.134 

2154 

283 


The intra-sire daughter-dam regressions varied somewhat from breed to 
breed but these differences were not statistically significant. The figures 
hint that the management in the dual-purpose herds may be such that the 
cows do not show their innate capacity as clearly as in the more highly 
specialized breeds. The data, however are so few that this is only a hint. 
Perhaps it would not be confirmed by more extensive evidence. 

Since the differences between breeds were not significant the data were 
pooled, considering them as a homogeneous intra-sire population. The 
pooled regression and correlation were both .134, based on 1870 degrees of 
freedom. 

These figures describe the present data, in which the average number of 
lactations in the dam’s record was 3.15 and the average number of lactations 
in the daughter’s record was 1.68 In averages of two or more lactations 
per cow the differences due to circumstances which change from lactation 
to lactation will tend to cancel each other, thus decreasing the environmental 
variance but leaving the genetic variance unchanged. For comparing these 
finding s with Others and making them useful for generalizing to cases where 
each cow has n records, it is desirable to express these findings in terms of 
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T»h8t they fronld be if each cow had only one record. Let h eqnal the regres* 
(don of daughter on dam when single lactation records of eaeh are used, and 
b' equal the regression when lifetime averages are used. Then if all dams 

had the same number (m) of the lactation records: b » 1/ j 


m 

where Fm is the repeatability; i.e. the average correlation between successive 
lactations of the same dam. ^t where m. is variable, as it was in the present 
data, b is related to V approximately thus": 

' l + (m-l)raa ^ o*m(l-rM) 
m 




m* 


On the basis of other studies, the repeatability within herds (roa) was as¬ 
sumed to be .4. The variance of m in these data was 3.09. Consequently b 
had a value of .087. Doubling this jdelds .174 for heritability. 

The pooled intra-sire regression coefficients for sires having daughters 
in only one herd was .108 and for sires having daughters in two or more 
herds was .155. Both regressions were significant and the difference is in 
the direction expected, but it is not statistically significant on this amount 
of data. If the .108 is taken at face value and the intra-herd repeatability 
of single records is + .4, the heritability of differences in single records is 
.140 instead of .174 as was computed from all intra-sire records. Appar¬ 
ently the latter contained some environmental correlations between daughter 
and dam in those eases where a sire was proved by records from more than 
one herd. 

The correlation and regression coefficients in table 1 are nearly equal, 
whereas it had been expected that the correlation would be distinctly smaller. 
The relation between the two statistics is: 


b = r2!L. 

It was expected that Od would be smaller than Oo since it was presumed that 
the da ms were more highly selected than the daughters. . Moreover the dams 
avraaged 3.15 laetations eaeh .and the daughters only 1.68 lactations. This 
diould have made the averages of the dams less variable. However, the 
dss^terS were more nearly contemporaneous than the dsma and therefore, 
within the gnmp pertaining to each sire, probably did not encounter such a 
wide range of year-to-year changes in environmental conditions as the dams 
did. Within ea^ group the daughters were more closely related to each 
Other than the dams were. This would have tended to make the intra-sire 
fOandard deviation of the daughters a little less than that of the dams, as 
wfll be dbeuased later. iDifferences in age should not have caused di^- 
taa^ ha-atandard deviatioDs, since the age corrections, being multiplicative, 
WfUtid fi^l ^e tendmc^ for standard deviatitms in uncorreeted records to 
htcrq^' with' ^ of cow. 'V^y the intra-sire standard devktionB of dau{^- 
.'1 Protesaw W, 0.<kN!JirBa for (his ecNrreetien for vaiiatloaia m. 
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ter and of dam are so nearly equal is not clear. It may have been merely 
a coincidence that these opposing tendencies so nearly cancelled each other, 

INTRA-BREED REGRESSIONS 

When each of the different breeds was studied as a homogeneous popu¬ 
lation, rather than on an intra-sire basis as was done in table 1, the corre¬ 
lations and regressions were as shown in table 2. The figures are 2 to 3 times 
as large as the corresponding coefScients on an intra-sire basis. The differ¬ 
ences between breed regressions are significant. This must be due to greater 
herd-to-herd heterogeneity in the management of some breeds as compared 
to that of others. Greater genetic heterogeneity within some of the breeds is 
not wholly excluded, but studies of the breeding systems used in different 
breeds have shown, in all of them yet studied, only a little separation into 
non-interbreeding families or strains. Heterogeneity of ideals with respect 


TABLE 2 

Daughter-dam correlations and the regression of daughter on dam, each breed being 
treated as a homogeneous unit 


Breeds 

r 

b 

Holstein. 

.324 

.329 

Guernsey . 

.325 

.372 

Jersey ... 

.495 

.576 

Brown Swiss . 

.229 

.254 

Ayrshire 

.637 

.604 

Shorthorn . 

.016 

.014 

Polled ... 

.084 

.051 


to the level of production desired may have been slightly more extreme in 
one breed than in another. 

The magnitude of herd differences is shown in table 3 where the total 
variance of the population has been analyzed” into that portion (B) due to 
breed differences; that (G) from differences between groups mated to (or 
sired by, in the case of daughters) the same sire within a breed; and that 
(C) from differences between cows in the same group. 

Group differences (G) are 30 and 35 per cent respectively of the total 
variance (C + G + B) of dam and daughter productions. Only indirectly 
can we get even a rough estimate of what portion of G is genetic. Groups 
of danm mated to one sire are generally related a little to each other because 
such a group will contain some sets of half and three-quarter sisters and even 
a f^w daughter and dam or full sister pairs. For example, the average rela- 
relationship within groups of dams would be around 8 to 12 per cent if one- 
third of thmn are half-sisters, another third are three-quarter sisters, not 
related to those half-sisters, and there are a few daughter-dam or full sister 

• IV aetbod see: Winsor, 0. P., and Clarke, G. L., in Jour. Marine Besearch' 3(1): 
Sd-«7. 1840. 
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pairs. The genetic variance among mates of a sire wonld lack tibia much of 
equalling the genetic variance within a truly random sample of dams in the 
breed. In the present figures the genetic portion of the variance among 
mates of a sire was .268 (twice the regression) of an actual variance of 3868, 
which would be 1037. If the average relationship (r) among mates was .10, 
the genetic variance in a truly random sample of dams from the whole popu¬ 
lation would be of this, or 1152. The variance (G) due to differences 

between group averages was 1791 and only 115 of this (1152 minus 1037), 
or about six to seven per cent of it is thus estimated to have been genetic. 
It is believed that by far the greater part of 6 arises from differences in 
environment and management from herd to herd. 

TABLE 3 


AntilytU of variance among records of daughters and dams 


Souree of variance 


Mean 

square 

Components of variance 

d/f 

Kind 

Amount 

Fraction 
of total 

Daughters: 

Between breeds . 

6 

219864** 

B 

776 

.11 

Between groups within breeds 

276 

22727** 

G 

2482 

.35 

Within groups ... 

1871 

3838 

C 

3838 

.54 

Total . 

2153 

6862 

C + G + B 

7096 

1.00 

Dams: 

Between breeds . 

6 

102983** 

B 

337 

.06 

Between groups within breeds 

276 

17498** 

G 

1791 

.30 

Within groups . 

1871 

3868 

C 


.64 

Total . 

2153 

5892 

C + G + B 

1,00 


The above estimate is based on the assumption that consanguinity is the 
only reason for mates of a sine being genetically more like each other than 
members of a truly random sample of the breed would be. Another con¬ 
ceivable cause for genetic differences between herds is that some assertive 
mating may be practiced with dairy cattle, irrespective of consanguinity. 
This would result if high producing animals were brought together in the 
specialized herds, medium producing in the less specialized ones and low 
producing in the herds where little attention is paid to the cows, or where the 
owner doag not have &iancial freedom to buy higher producing stock, or 
iritere other qualities than butterfat production are desired. Since no one 
deliberately tries to breed low producers, it is not believed that this process 
can have caused much genetic differentiation between herds, although there 
doubtieqs are some differences in the iii|^nsity with which various breeders 
idxfvsi toward the same goal. If tkri^ ^s much assortive mating (or if the 
avwftfB r d a tion shi p between dams is more tiuui ;10), the genetic portion of 
the between group averages » more than estimated above. 
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DISCUSSION 

The heritability value found in this study on an intra>herd basis and for 
single lactation records is .174. If taken at their face value, the data con¬ 
cerning sires which were used in only one herd indicate that heritability was 
only .140. This is a little less than has been found in previous studies, which 
have more usually given values of around .20 to .30. The five per cent 
fiducial limits for the .174 are .03 and .31. Therefore it is easily possible 
that the lowness of the value found in the present study as compared with 
earlier studies is only a sampling variation. 

Heritability of differences between cows when each is represented by an 

average of n unselected records would be -z —-times as large, where r is 

the intra-sire correlation between records of the same cow. However an in¬ 
crease in n decreases the variation between cows. This makes the selection 
differential smaller, if the percentage of culling remains the same. The net 

result is that progress from culling on averages of n records is ^ /-5- 

\ 1 - r + nr 

times as large as when culling on only one record each. If r = .4, this has 
values of 1.20,1.29,1.35, etc., when n is two, three, four, etc. 

The inter-group variance was larger among daughters than among dams 
(35 as compared with 30 per cent of the total variance). About half of this 
difference can result from the closer relationship of the daughters to each 
other. If the average relationship among the mates of a sire is .10, the 
relationship among the daughters becomes .275 if the sire is not related to 
his mates. This will reduce the genetic variance among the daughters to 
835, as compared with 1037 among their dams. The decrease (202) in 
genetic variance within groups of daughters must be balanced by an equal 
increase in variance between groups of daughters. This shift of 202 from 
variance within groups to variance between groups would be about three per 
cent of the total of C + Q + B. Another possible cause for group differences 
being more important among the daughters is that the dams averaged more 
lactations each. Differences in feed or management from one year to an¬ 
other thus had more chance to cancel each other in the records of the dams 
than in the records of the daughters. More often with the daughters than 
with the dams were all of the records made within a space of two or three 
years. The dams’ records, being spread out over a longer time, offered more 
chance for seasons when conditions were unusually good to cancel the effects 
of seasons when conditions were unusually bad. This would tend to make 
the averages of groups of dams less variable than the averages of groups 
of daughters. 

The breed differences were more important for the daughters than for 
the dams. The immediate cause for this can be seen in the average pro¬ 
ductions for each breed as shown in table 1. In the two breeds in which the 
dams’ records averaged the highest, the daughters’ averages went yet higher, 
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while in the two breeds in which the dams’ records averaged lowest, the 
daughters’ averages went yet lower. Why this happened is not known, but 
its effects on the variance between breed averages is obvious. 

When the two dual purpose breeds are omitted, the breed differences (B) 
among the means of the five dairy breeds fall to about one sixth of the values 
shown in table 3 and are therefore comparatively unimportant economically, 
but they are still statistically significant. These small breed differences re¬ 
main about twice as large among daughters as among dams. 

CONCLUSION 

Data on lactation yields of fat in 2154 dam-daughter comparisons used 
in proving 283 sires in Iowa Dairy Herd Improvement Associations from 
1986 to 1939, inclusive, were analyzed for heritability of individual differ¬ 
ences and for magnitude of group differences. 

Expressed on the basis of records in single lactations, the heritability of 
differences between cows mated to the same sire was found to be .174 with 

5 per cent fiducial limits of .03 and .31 respectively. This .174 is a little 
less than the .2 to .3 more usually found in other studies.^ If this .174 is 
accepted at its face value it indicates that two cows, chosen on the basis of 
one record each, will probably differ in their breeding values about one-sixth 
as much as their records differ, and that one selecting cows for high records 
should expect to find that their breeding values are about one-sixth as far 
above the average of the group from which they were chosen as their records 
are. 

When only the data pertaining to sires used in but one herd are con¬ 
sidered, heritability was .140 instead of .174. The small difference between 
.140 and .174 was not significant but suggests that environmental correla¬ 
tions contribute a little to the intra-sire likeness between daughter and dam 
when sires are proved in mor^ than one herd, and that heritability is a little 
lower than .174. 

Heritability was not significantly higher in one breed than in another. 
There was a faint indication that differences in records corresponded a little 
less closely to differences in breeding values in the dual purpose breeds than 
in the more specialized dairy breeds but the difference was far below the 
level of statistical significance in this volume of data. 

Differences between group averages within a breed are mostly due to 
differences in management or other environmental circumstances, but about 

6 to 7 per cent of them are due to differences in the average genetic merit of 
those groups. 

T Among very reosAt stsJiei should be mentioned the fln^gs of A. H. Ward whieh 
are summarised oa page 37 of the ''SCveat^th Annual Beport of the Kew Zealand 
nsbry Board^’ for 1040-41. For 3076 daughter-dam pairs, whose lifetime averages were 
used l))L WMvfnf 104 sires, the intra-sire regression of daughter on dam was about .16 
Aeeordiog to whether the number of records per dam was 4, 8, or 2, this is equivslent 
to a XierltaldUty of about .22, .23, or .26 of file differences between single records, astum- 
lag the Intra^ire repeatability of records of the same cow was .4. 



NOBMAL VARIATIONS IN THE AMOUNT OP ASCORBIC ACID IN 
THE BLOOD OP DAIRY CATTLE* 

A. L. BOBTEEE, C. E. HIIPPMAN and 0. W. DUNCAN 

Dairy Huahandry Section and the Chemiccd Section of the Michigan Agricultural 
Experiment Station, East Lansing 

The experimental work reported by several investigators (7, 9-11) indi¬ 
cates that dairy cattle are capable of synthesizing sufficient amounts of 
ascorbic acid in their bodies for normal metabolic functions. Hopkins and 
Slater (2) are of the opinion that ascorbic acid is synthesized in the small 
intestines and in the liver. Harris and Ray (1) concluded that the localized 
concentration of ascorbic acid in the suprarenals was not a reserve store¬ 
house for the body nor a site of synthesis but that it was needed for pro¬ 
tecting the normal functional activities of that organ. Whether the high 
concentration of ascorbic acid in the various tissues is an indication of syn¬ 
thesis at that particular point or whether it is an indication of a requirement 
for normal functions is not known. 

Phillips and associates (5, 6), however, have reported many cases of 
sterility in bulls and cows that were associated with low concentrations of 
ascorbic acid in the blood plasma and that a large percentage of ^'slo-w 
breeding^’ bulls and “hard to settlecows responded to ascorbic acid 
therapy. These workers (6) reported that there was a distinct breed dif¬ 
ference in the level of ascorbic acid in the blood plasma and that there was 
also considerable variation in the ascorbic acid level in individual cows. The 
average ascorbic acid value reported by these investigators was 0,39 mg. per 
100 ml. of plasma (range 0.19-0.65 mg.). Wallis (11) obtained blood 
samples twice monthly from five cows for a period of 10 months and found 
the average ascorbic acid value to be 0.32 mg. Knight and co-workers (3) 
reported that the ascorbic acid values of normal cows ranged from 0.43 to 
0.62 mg. from tlie analysis of over 50 samples of blood obtained from four 
Holstein cows on standard dairy rations. 

The relationship between ascorbic acid and the oxidative process in milk 
has stimulated some investigators to study the effect of the ration on the 
ascorbic acid content of milk (3, 8). These results indicate that the type 
of rations fed does not affect the ascorbic acid content of the milk, blood 
or urine. Knight and associates (3), however, have shown that there is a 
rapid destruction of ingested ascorbic acid in the rumen. This is interpreted 
to mean that the feeding of ascorbic acid to cows will not increase the level 
of this vitamin in the blood. 

The apparent relationship between ascorbic acid synthesis, metabolism 

Received for publicatioxi Jime 2, 1042. 

* Pubfidied with the approval of the Director of the Agrieoltural Experiment Station 
as d^otmial Ariide no. 58S (it4i.). 
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and reproduction emphasizee the importance of obtaining additional infor¬ 
mation concerning the concentration of this xitamin in the blood plasma of 
normal dairy cattle. The purpose of this paper is to record the plasma 
ascorbic acid values obtained from normal calves, heifers and lactating cows 
and to indicate the variations that are encountered under standard feeding 
practices. 

EXPERIMENTAL 

Nineteen calves varying from birth to 12 months of age, 4 heifers and 24 
cows of all ages were used in this study. The rations that these animals re¬ 
ceived corresponded to their respective ages and in all cases they were 
adequate for maintenance, growth and milk production. The majority of 
the animals were of the Holstein breed but a few of the other breeds were 
also included. The breed of all of the animals is included in tables 1 and 2. 
Some of the cows were open and some were in different stages of pregnancy. 
Three of the heifers (A29, A31 and G424) and nine cows (A18, A26, D9, 66, 
78, 264, 266, 267 and 285) were pregnant during the entire period that 
samples were taken. Cow A27 became pregnant after the first six samples 
had been obtained (table 3). All of the rest of the animals were open 

A uniform procedure was adopted for the withdrawal of the blood and 
its disposition after being received in the laboratory. Approximately 2(1-25 
ml. of blood were collected in a tube containing a small amount of potassium 
oxalate. The samples were placed in ice water and protected from light 
immediately after being withdrawn. In no instance was the blood allowed 
to stand at room temperature. The plasma filtrates were always prepared 
within two hours from the time the samples were taken. The method used 
for the determination of ascorbic acid was that described by Mindlin and 
Butler (4), with a slight modification. 

In order to observe any variations in the concentration of ascorbic acid 
due to the method of determination and also to determine the stability of 
the ascorbic acid in the prepared filtrate, duplicate filtrates were prepared 
from the blood of five cows and stored at 2° C. The ascorbic acid was 
determined in the stored filtrates at 3-hour intervals for a 24-hour period 
(table 5). 

RESULTS 

The experimental data showing the variations in the concentration of 
ascoibie acid in the plasms of 19 normal calves from birth to 12 months of 
age are presented in table 1. The mean value obtained from ail of the de¬ 
terminations was 0.32 mg. per 1(X) ml. of plasma but the variations covered 
a wide range of values (0.03 to 0.77 mg.). The mean values for individual 
ealvea also showed considerable variation, ranging from 0.09 to 0.56 mg., 
hoi^ver the calves under eight weeks of age had a tendency to have leas 
aaeoidae aeid in the plasma (mean 0.30 mg., range 0.03 to 0.55 mg.) than the 
older calves (mean 0.36 mg., range 0.16 to 0.77 mg.). 
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The variations in the concentration of ascorbic acid in the plasma of the 
four heifers are shown also in table 1. The mean value obtained from all 
of the determinations was 0.49 mg. per 100 ml. of plasma (range 0.24 to 0.80 
mg.). The mean values obtained for the individual heifers varied from 
0.36 to 0.63 mg. 

TABLE 1 

Plasma ascorbic acid values obtained from normal calves and heifers 





No. 



Calf No. 

Breed 

Ave, age 

samples 

taken 

Range 

Mean 


Calves 


0495 

Ayrshire 

3 wk. 

3 

mg, per 100 ml, 
0.18-0.35 

, of plasma 

0.27 

C466 . . 

Holstein 

4 wk. 

2 

0.41-0.48 

0.44 

C468 . 

Holstein 

4 wk. 

2 

0.38-0.52 

0.45 

0483 . 

Holstein 

4 wk. 

4 

0.16-0.38 

0.28 

C498 

Holstein 

4 wk. 

5 

0.16-0.29 

0.25 

0461 .. 

Guernsey 

4wk. 

8 

0,05-0.26 

0.17 

0463 

Guernsey 

4 wk. 

6 

0.13-0.53 

0.38 

C464 

GuernseY 

4 wk. 

6 

0.21-0.38 1 

0.30 

0496 

Jersey 

5 wk. 

6 

0.16-0.42 

0.25 

C462 

Holstein 

6 wk. 

9 

0.21-0.51 

0.36 

0459 

Brown Swiss 

7wk. 

2 

0.03-0.16 

0.09 

0460 

Holstein 

7wk. 

7 

0.09-0.31 

0.17 

0465 

Jersey 

7wk. 

7 

0.34-0.55 

0.46 

0452 

Holstein 

5 mo. 

4 

0.16-0.36 

0.24 

0456 

Holstein 

9 mo. 

9 

0.21-0.34 

0.28 

0457 

Holstein 

9 mo. 

9 

0.18-0.31 

0.24 

A35 . 

Holstein 

9 mo. 

10 

0.25-0.67 

0.36 

A34 

Holstein 

11 mo. 

7 

0.44-0.77 

0.56 

A33 . 

Holstein 

12 mo. 

10 

0.38-0.64 

0.50 

Mean . 




0.03-0.77 

0.32 


Heifers 


A31 . 

Holstein 

20 mo. 

9 

0.42-0.62 

0.54 

C424 . 

Holstein 

28 mo. 

9 

0.24-0.49 

0.36 

16 . 

Guernsey 

29 mo. 

9 

0.26-0.59 

0.42 

A29. 

Holstein 

34 mo. 

9 

0.46-0.80 

0.63 

Mean .. . 




0.24-0.80 

0.49 


The mean and range of ascorbic acid values obtained for the 24 mature 
cows, either open or in various stages of pregnancy, are presented in table 
2. The mean values obtained for the individual cows varied between 0.29 
and 0.65 mg. per 100 ml. of plasma, whereas the mean of all of the values 
was 0.44 mg. (range 0.11 to 0.80 mg.). There was no significant difference 
in the means or range of values between the pregnant and open cows 
alttiAvgli the ascorbic acid values had a tendency to be higher in the blood 
of the pregnant cows. . 

Table 3 shows the variations found at weekly intervals in the concentra¬ 
tion of ascorbic acid in the plasma of six calves from birth to 10 weeks of 
age on a whole milk ration. The mean value obtained for this group of 
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TABLE 2 


Plasma aseorhto acid values obtained from normal eows 


Cow No. 

Breed 

i 

Age 

No. 

samples 

taken 

Bange 

Moan 





mo per 100 ml, of plasma 

66 

Jersey 

3 

9 

0.17-0.46 

0.33 

289 

Holstein 

3 

20 

0.20-0.01 

0.37 

290 

Holstein 

3 

8 

0.25-0.58 

0.47 

A26 

Holstein 

3 

22 

0.40-0.80 

0.61 

A27 

Holstein 

3 

27 

0.48-0.7S 

0.63 

A25 

Holstein 

4 

9 

0.48-0,77 

0.58 

284 

Holstein 

4 

7 

0.26-0.63 

0.40 

285 

Holstein 

4 

20 

0.23-0.53 

0.36 

A22 

Holstein 

5 

27 

0.84-0.65 

0.39 

A23 

Holstein 

5 


0.31-0.61 

OAl 

269 

Holstein 

5 


0.28-0.55 

0 39 

Aid 

Holstein 

6 


0.88-0.72 1 

0.54 

78 

Jersey 

6 


0.36-0.53 

0.43 

264 

Holstein 

6 


0 21-0.55 

0.89 

266 

Holstein 

6 


0 40-0.61 

0,50 

267 

Holstein 

6 


0.43-0.53 

0.46 

A15 

Holstein 

7 


0.27-0.52 

0.39 

237 

Brown Swiss 

7 


0.53-0.76 

0.65 

A14 

Holstein 

8 

9 

0.29-0.43 

0 35 

239 

Brown Swiss 

8 

9 

0.42-0,57 

0.46 

A6 

Holstein 

! 10 

23 

0 11-0.46 

0 30 

1)14 

Holstein 

13 

9 

0.24-0.36 

0 29 

I>5 

Holstein 

1 14 

18 

0.20-0.71 

0.37 

D9 

Holstein 

14 

11 

0 39-0.53 

0.40 

Mean 




0 11-0.80 

0 44 


TABLE a 


Variations in the concentration of plasma ascorbic add in yovno calves and cows 


Calf 

No. 






Ago in weeks 




mm 

1 ^ 

1 ^ 

n 

5 

6 

B 

8 

9 

1 


Mean 


Calves 


mg, per 100 ml, of plasma 


C460 




0.14 

0.15 





0.21 

0.17 

0461 

mSlM 


0.14 

0.25 

0.12 

0.12 

EE 3 




0.17 

C462 



0.26 

0.21 

oa 


EES 

0.51 

Em3 

0.47 

0.36 

0463 

0.45 


0.53 

0,50 




0.13 



0.38 

C464 



EEEl 

0.34 

0.21 

0.28 

0.38 




0.30 

C465 




0.34 


0.54 

0.47 

mm'M 



0.46 

Mean 


- 









0.31 


Cows* 


269 

0.29 

liffl 

0.52 

0.40 

0.38 

0.82 

0.28 


0.43 


0.40 

285 

OM 


0.48 

0JB3 

0.53 

0.35 


0.87 

0.32 

0.88 

0.35 

289 

0.88 

Eg'3 

0.31 

O46I 

0.31 

mmm 

En’rM 


0.20 

■iIVJ 

0A8 

8»0 

0.29 

0.25 

0.58 

0A« 

m 

0.58 


0.57 



0.47 

AM 

0-47 

0.58 

0.51 

0.68 

0.58 






0.54 

AS7 

0.74 

■23 

0.61 

0.54 

0.48 

o.«r 

0.58 


0,61 


0.59 

ICtfui 

- 


•1 

• 

- 






0.46 


^ Bampln talcan at ivireffalar intemln o?ar a piitML of sax monUis. 
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calves was 0.31 mg. per 100 ml. of plasma (range 0.05 to 0.55 mg.). The 
outstanding feature of table 3 is the marked variations that occurred in the 
concentration of ascorbic acid from week to week. The very low values 
obtained for calf C460 were not associated with malnutrition or disease. The 
calf was normal in all respects. Calf C461, on the other hand, had very low 
ascorbic acid values and died from gastro-enteritis but calf C463 had fairly 
high ascorbic acid values and died from gastro-enteritis also. It is not 
likely that the amount of ascorbic acid in the blood plasma had any relation¬ 
ship to the disease. The other three calves were in good condition and in 
normal health during the time these samples were taken. 

The individual mean and range of ascorbic acid values obtained at irregu¬ 
lar intervals over a period of six months for six lactating Holstein cows are 
presented in table 3. The individual mean values varied from 0.35 to 0.59 
mg. per 100 ml. of plasma but the mean value obtained for this group of 
cows was about the same as that given in table 2. 

TABLE 4 

Daily variation in the amovnt of plasma ascorbic acid in lactating Eolstein cows 


Animal 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Moan 





mg, per 100 ml. of plasma 




A6 

0.3,3 

0.43 

0.45 

0.29 

0.23 

0.28 

0.23 

0.17 

0.25 

0.26 

0.29 

A23 

0.59 

0.59 

0.51 

0.37 

0.48 

0.44 

0.28 

0.19 

0.22 

0.16 

0.38 

269 

0,52 

0.53 

0.40 

0.32 

0.33 

0.38 

0.38 

0.24 

0.32 

0.28 

0.37 

285 

0.53 

0.55 

0.40 

0.35 

0.35 

0.37 

0.30 

0.37 

0.29 

0.37 

0.39 

289 

0.61 

0.50 

0.31 

0.40 

0.30 

0.36 

0.38 

0.39 

0.32 

0.31 

0.37 

A18 

0,56 

0.59 

0.59 

0.56 

0.73 

0.70 

0.50 

0.56 



0.60 

267 

0.40 

0.43 

0.33 

0.42 

0.55 

0.53 

0.48 

0.42 



0.45 

m 

0.36 

1 0.33 

0.31 

0.35 

0.53 

0.42 

0.44 

0.26 

.. 

.. . 

0.38 

Mean 

• 



. 

. 

. 

. 

. 

. 


0.41 


Table 4 shows the daily variations that occurred in plasma ascorbic acid 
of eight lactating Holstein cows. The cows were bled each day at the same 
hour for a period of 8 or 10 days. Considerable individual variation oc¬ 
curred from day to day in all of the cows but the widest range was shown by 
cows A23 and 289 and the least variation was shown by cows A18 and 267. 
The values presented in table 4 indicate that there may be as much variation 
in plasma ascorbic acid from day to day as there is from animal to animal. 

The data in table 5 show the diurnal variations that oceurred in the 
plasma of heifers and lactating cows during a 24-hour period. The dimnal 
variations were determined for five cows (A22, A26, A27, 264 and 266) for 
two different 24-hour periods. Considerable variation was found for many 
8«hoor periods in all of these cows but these variations could not be corre¬ 
lated with the time of feeding or the time after feeding. The mean daily 
vidnes olnerved for A26, A27 and 266 for two different 24-hour periods were 
not .signi&santly different. Cow A22 had a mean ascorbic acid value of 0.31 
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mg. per 100 ml. of plasma for one 24-faour period and 0.43 mg. for the other 
24-hour period. Cow 264 had a mean value of 0.30 mg. for one 24-hour 
period and 0.47 mg. for the other period. 

The narrowest range observed for any one 24-hour period was for cow 
267 (minimum 0.43 mg., maidmum 0.53 mg.) and the widest range was ob¬ 
served in cow A26 (minimum 0.40 mg., maximum 0.80 mg.). When the 
differences between the minimum and maximum values obtained at 3-honr 
intervals were summarized for each 24-hour period it was found that 5 cows 

TABIiE 6 

JHwmai variations «m the eonrentratio» of pUumo aseorbte and tn dairy eatth 


Animal 

No. 

Three horn interval 

Mean 

g 

o 

3 

B 

5 

6 

7 

8 

9 


■■ 



wg 

per 100 ml, plasma 




237* 

0.70 


0.Q9 

0.53 

0.62 

0.60 

0.60 

0.76 


0.65 

2371 



miWim 

0.70 

0.64 

WmB 





264* 


0.53 

0.34 


0.48 

0.44 



0.45 

0.47 

2641 

0.52 

0.53 

0.52 

0.47 

0.54 

0.51 

0.51 

0.51 

0.56 

0.62 

264t 

0.43 

0.39 

0.23 

0.35 

0.29 

0.27 

0.21 

0.23 


0.30 

A22* 

0.40 

0.37 

0.29 

0.44 

0.54 

0.38 

0.44 

0.55 

0.48 

0.43 

A22t 

0.40 

0.40 

0.40 

0.40 

0.48 

0.39 

0.43 

0.43 

0.43 

0.42 

A22I 

0.31 

0.36 

0.31 

0.29 

0.29 

0.35 

0.33 

0.34 

0.24 

0.31 

A25* 

0.48 

0.51 

0.77 

0.63 

0.62 

0.61 

0.62 

0.51 

0.48 

0.58 

A26t 

0.51 

0.50 

0.50 

0.51 

0.51 

0.51 

0.51 

0.47 

0.48 

0.50 

266* 

0.40 

0.44 

0,61 

0.52 

0.40 

0.48 

0.54 

0.50 

0.51 

0.40 

266t 

0.42 

0.40 

0.40 

0.42 

0.42 

0.42 

0.42 

0.39 

0.39 

0.41 

266) 

0.57 

0.57 

0.58 

0.50 

0.49 

0.47 

0.47 

0.56 

0.47 

0.52 

267 

0.53 

0.46 

0.43 

0.46 

0.43 

0,50 

0.52 

0.46 


0 47 

66 

0.46 

0.37 

0.37 

0.24 

0.25 

0.38 

0.40 

0.32 

U.17 

0.33 

78 

0.50 

0.52 

0.53 

0.43 

0.36 

0.36 

0.36 

0.43 

0.36 

0.43 

239 

0,50 

0.57 

0.50 

0.43 

0.47 

0.43 

0.42 

0.43 

0.43 

0.46 

A14 

0.35 

0.36 

0.36 

0.43 

0.36 

0.36 

0.31 

0.33 

0.29 

0.36 

A18 

0.62 

0.38 

0.3H 

0.72 

0.39 

0.43 

0.50 

0.52 


0.49 

A26) 

0.67 

0.60 

0.66 

0.62 

0.66 

0.59 

0.60 

0.71 


0.64 

A26) 

0.72 

0.64 

0.65 

0,62 

0.66 

0.80 

0.60 

0.51 

0.40 

0.62 

A27) 

0.77 

0.70 

0.69 

0.62 

0.61 

0.78 

0.64 

0.57 

0.70 

0.68 

A27) ! 

0.67 

0.60 

0.68 1 

0.54 

0.70 

0.72 

0.49 

0.48 

0.58 

0.61 

0424 1 

0.49 

0.43 

0.36 

0.29 

0.24 

0.31 

0.35 

0.35 

0.29 

0.35 

2)14 

0.28 

0.29 

0,26 

0.24 

0.26 

0.33 

0.28 

0.31 

0.36 

0.29 


* Ji^traie prepared from Uood aample taken at 3 hour interval, 
t Filtrate prepared at start of experiment from plasma of first sample and anal>zod 
at 3-hoar intervals. 

t Samples obtained on different dates. 

had differences between 0.10 and 0.20 mg., 8 cows had differences between 
0.21 and 0.30 mg., and only 2 cows idbowed differences between 0.31 and 0.40 
mg. The major diffenences were not observed to occur at any regular in¬ 
terval during the day. Whmi ascorbic add determinations were made for 
two cows at 6-hour intervals for a #-hour period, it was found that the 
range of values was similar to that obtained at 3-hour intervals and that 
the minimum and maximum values did not oeeur at the same time each di^r. 
















VARIATION IN THE AMOUNT OP ASCORBIC ACID 


The data presented in table 5 also indicate that plasma filtrates can be 
stored at 2® C. for 24 hours without any significant loss of ascorbic acid. The 
variations in the plasma filtrate which did occur in the determinations made 
at 3-hour intervals were within the accuracy of the method and could not 
be ascribed to changes in concentration of ascorbic acid. The maximum 
variations that occurred above and below the initial values were + 0.08 mg. 
and - 0.06 mg. per 100 ml. of plasma. These variations were usually less 
than those obtained from the blood samples taken at 3-hour intervals. The 
major variations obtained in the samples taken at 3-hour intervals are in¬ 
terpreted to mean actual differences in the amount of ascorbic acid in the 
plasma and not due to the method of determination. 

DISCUSSION 

The results of this investigation indicate very clearly that there are 
marked differences in the amount of ascorbic acid in the plasma of normal 
calves and lactating cows. The results also indicate that there are even 
greater differences in the level of ascorbic acid in the plasma of individual 
normal animals. A value that might be considered normal for one animal 
could be considerably higher or lower than another normal animal of the 
same age or same physiological condition. The values were found to vary 
not only from animal to animal but also major variations were found to 
occur from day to day and from hour to hour. 

The mean and range of ascorbic acid values obtained from 356 determina¬ 
tions on 24 normal cows was found to be 0.44 mg. per 100 ml. of plasma 
(range 0.11 to 0.80 mg.). These values are in agreement with the values 
reported by Phillips et ah (6) but they are considerably lower than the range 
of values reported by Knight and co-w’orkers (3) and they are higher than 
the mean value reported by Wallis (11). 

Prom the results of this investigation it would appear that the normal 
level of ascorbic acid cannot be determined with any degree of accuracy by 
random sampling. Wide fiuctuations were found to occur from day to day 
and from one 3-hour period to another under presumably identical condi¬ 
tions. These fiuctuations could not be correlated with the normal period of 
feeding even though many of the blood samples were taken at the same hour 
each day. 

The average content of ascorbic acid in the blood of calves from birth 
to 12 months of age w^as 0.32 mg. per 100 ml. of plasma whereas the ascorbic 
acid in the blood of heifers from 20 to 34 months of age was 0.49 mg. The 
number of animals used in this study was too small to make the results con¬ 
clusive but they indicate that the ascorbic acid content of the blood of young 
calves is low and that there is a tendency for this vitamin to increase as the 
animal reaches maturity. 
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ing part of the time, composite weekly saiftples of milk w^ere used in de¬ 
termining the fat percentages from which the monthly yields of butterfat 
were computed. During the balance of the time, the fat percentages were 
determined from the composite sample (sometimes calculated from the fat 
determinations of each milking) of only one day's milk yield each month. 
All records were used as actually made without any corrections for age, etc. 

Dairy herd improvement association material. The large proportion of 
the 1289 lactations which came from five breeds (grades and purebreds) were 
made by Holsteins (554 lactations), Guernseys (422 lactations) and Jerseys 
(199 lactations). Only the first ten months of each lactation were used. 
Some of the lactations were shorter than this though no record that was not 
a complete lactation was used. 



Fig. 1. Onrves showing the perentage relationship of oaeh month’s yield to that 
of the first month for cows in the Iowa State OoUege herd. 

In Dairy Herd Improvement Association testing, a single day’s milk yield 
and its butterfat percentage is obtained from which the month’s yield is cal¬ 
culated. Since each montii’a yield is a multiple of its day’s yield, calcula- 
tioBS of the lactation curves on a percentage basis would be the same when 
based on the day’s yield m nthen based on the month’s yield. Factors of 
prediction determined frclm the days’ yields also would have the same 
relation to each olher as factors dete^ii^ from the months’ yields. 

In Iowa, each D.HJ.A. supervisor is required to record originally milk 
yield and butterfat percentage for each cow in a herd, breeding and <^ving 
dateg, and tumsual conditions affecting the cow’s production on a ^‘barn 
dmety” carbon copies of whiish are forwarded to the state supervisor’s office 
cachmontiL these suppUed the data for this in^ 
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As in the case of the college records all Dairy Herd Improvement Associ¬ 
ation records were used without any correction, though the records were 
made by cows at all ages. 

RESULTS AND DISCUSSION 

Although only the Hoistein-Friesian records made in the college herd 
were used for the calculation of equations for predicting yield (regression 
equations) the records of other breeds in the herd were analyzed to determine 
if there were marked breed differences in the slope of the lactation curves. 



Fio. 2. Ounces showing the percentage relationship of each month's yield to that 
of the first month for cows of different breeds in the D.H.I.A. 

Figure 1, shows a great similarity between the curves of the Guernseys, 
Holsteins and Jerseys. The other breeds failed to show the same persistency 
but the records involved were so few their curves may not be typical. 

The same similarity in the lactation curves of the different breeds was 
shown by the records made in the Dairy Herd Improvement Association 
(fig. 2). Because of this no segregation of records by breeds was made in 
the calculation of prediction factors (regression equation) from the Dairy 
Herd Improvement Association data. 

The essential items obtained in the statistical analyses of both sets of 
data are presented in tables 1 and 2. 




llfbeii A eqoab fat yidd of first B equals fat yield uf second month, etc. 






















TABLE 2 
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Table 3 shows the decline in yield from month to month, of the cows 
in the college herd and in the Dairy Herd Improvement Associations. These 
figures calculated as percentages of the first month’s yield and as percentages 
of the previous month’s sdeld indicate some differences in persistency be¬ 
tween the two groups. The persistency index of the College cows was 92.3 
and for the D.H.I.A. cows 91.0 when calculated according to Turner’s 
method (4). 

TABLB 3 

Month to month deoUne in i/ield of CoUego and ItMJA. eom eatenMed as percentage 
of first month y*eld and as pereentage of the prev%ous month's y%eld 


Mcmth 

of 

test 

College data 

D.H.I-A. data 

Yield 

Per cent 
of 

1st 

month 

Per cent 
of 

previons 

month 

Yield 

Percent 

of 

1st 

month 

Per cent 
of 

previous 

month 

1 

60.4 

100.0 


1.64 

100.0 


2 

47.8 

04.8 

04.8 

1.52 

92.7 

92.7 

3 

44.3 

87.8 

92.7 

1.40 

86.4 

92.1 

4 

41.2 

81.7 

93.0 

1.30 

79.3 

92.9 

5 

38.2 

75.8 

92.7 

1.21 

73.8 

93.1 

6 

35.6 

70.6 , 

93.2 

1.12 

68.3 

92.6 

7 

33.7 

66.8 1 

94.7 

1.02 

62.2 

91.1 

8 

31.4 

62.3 1 

93.2 

0.91 

55.5 

89.2 

9 

28.8 

57.1 

91,7 

0.79 

48.2 

86.8 

10 

24.8 

49.2 

86.1 

0.70 

42.7 

88.6 


Persistency index 

92.3 

Persistency index 91.0 


The prediction of yield according to our results is most accurately made 
from a test taken during the fifth month of lactation as shown by the low 
standard error of estimate. This is true both with records obtained from 
the College herd and from D.H.I.A. herds (tables 1 and 2). The tests made 
in the sixth month gave the next most accurate predictions, followed in turn 
by those made in the seventh and fourth months. These results varied 
somewhat from those obtained by Gaines (1) and Eartha (3) who found that 
a short-time test taken in the fourth rncmth after calving gave the most 
accurate basis for estimating a 30S-day record. There is less accuracy in 
predicting yield when based on tests made in the first or last months of the 
lO-months lactation than there is when baaed on tests made nearer the middle 
of the lactation. 

• Sometimes one wiidies to estimate what a cow might produce when only 
a part of the lactation record is known. Occasionally a cow will die or be¬ 
come seriously injured goring a lactation and her 10-month record is wanted 
in the proving of her sire. Factors for these estimates were made from our 
data. They are found in table 4 ah^ are for estimating the ten months 
yield of butterfat. 

DUry men may use the regreaidoB equations in tables 1 and 2 as factors 
for predicting loWmth yields of dairy eows when only one day’s yield is 
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knonm. The day’s yield of butterfat is multiplied by 30.5, the average num¬ 
ber of days in a month, to obtain the month’s yield. The elapsed time be¬ 
tween 22 days after the day of calving^ and the day on whieh the yield is 
taken will determine the month of lactation which will also determine the 
factor to use in makii^ the estimation of yield. 

In table 5 are records of cows selected at random from four herds in 
Iowa Daily Herd Improvement Associations. Variations occur between the 
estimated yields (columns 9 and 10) and the actual yields (column 11) 
which are sometimes rather large (cow 12) while other estimates are very 
close to the actual yield (cow 3). It is not expected that the estimated yield 
for every single cow will be as close to the actual as is the case with cow 3. 

TABLE 4 


Factors* for eorreeting partial lactations to ten months lactations (butterfat 

yield basis) 


Months in 
millg 

Factors based on data collected from 

OoUege herd 

D.H.I.A. herds 

1 . 

7.47 

7.08 

2 . 

3.83 

3.67 

3 . 

2.64 

2.55 

4 . 

2.05 

1.98 

5 . 

1.70 • 

1.64 

6 . 

1.46 

1.42 

7. 

1.29 

1.26 

8 . 

1.17 

1.15 

9 . 

1.07 

1.06 


* ICultiply the total yield for the ntunber of months in milk by the corresponding 
factor. 


If a few cows are used then the variations in one direction tend to cancel 
out those in the other. In the case of the fifteen cows used in table 5 the 
total estimated yield for all the cows is 132 pounds or an average per cow 
of 8.8 pounds of fat greater than the actual yield when the “College” fac¬ 
tors are used and 46 pounds or an average of 3.0 pounds of fat less when the 
“D.H.I.A.” factors are used. 

It would be an unusual person who could estimate the probable yield of 
these fifteen cows as closely as this from a mere physical examination of 
them. The little extra effort of taking a single day’s milk yield and butter- 
fat test on each cow permits knowing rather accurately what to expect in the 
way of production from the lactations the cows axe passing through. The 
physical examination and the test with the accompanying estimated yields, 
give a much greater basiB for judgment than either alone. 

Beeause the r^ression coefficients and the factors for correcting partial 
la c tat i<y«»» calculated from the College herd data (tables 1 and 4) were from 

il^ere is a lug of 22 dayls from ealving until tlie first testing period in D.H.I.A. 
records* 





















tTABIiE 5 

jMIffioted pkMs (fat) of tmseieciei eowo oahsiOaUd from factors derived from College and DMlJk» data compared vdih actual pields 

taken from ike VMlJi. records 
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records made by Holstein cows only, their use should not be as generally 
applied as those calculated from the Dairy Herd Improvement Association 
data (tables 2 and 4). These latter were calculated from records made 
under more general conditions so their use would give more conservative 
results and would better fit the conditions of most farmers’ herds. 

In reality the variations in records calculated from the two sets of factors 
are not great and either can be used successfully. 
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GRAPHIC METHOD SHOWING EPPICIENCY OF DAIRY BULLS 

F. B. HEADLEY 

Chiefs Department of Farm Development, Nevada Agricultural 
Experiment Station 

Dairy bulls are commonly evaluated by comparing the yields of daugh¬ 
ters and dams. The result is usually expressed as an index which is sup¬ 
posed to represent an estimate of what the production of the bull ^s daughters 
would be if they were not influenced by the hereditary effect of their dams. 

Such an index is concise and valuable but for educational purposes in 
classes or farmers' meetings it may be helpful to illustrate the efficiency of 
bulls by a graphic method such as that used in the accompanying chart. 

In this chart the butterfat production of dams and daughters from six 
different bulls is shown. The records are from a small dairy herd over a 
period of years. 

The graphs are so designed that when the records of a dam and daughter 
are equal, the dot will fall on the diagonal line; if the daughter's production 



Fiq. 1. Effect of bulls on production in a dairy herd. Each dot represents the 
production of a dam and her daughter. X represents the average of dams and daughters. 

is greater than the dam’s the dot will be above, while if it is less than the 
dam’s it will be beneath the diagonal line. By noticing the position of the 
dots one can tell at a glance whether the bull is increasing or decreasing the 
production of the herd, 

Beeeived for publication Juno 4, 1942. 
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Note for instaooe, that in the Canary and Lad diagrams the dots are 
almost entirdy beneath the diagonal line and indicate ^e extent to which 
the danc^ters were inferior to tiieir dams. On the other hand, John was a 
superior bull with eight out of twelve daughters equal to or superior to their 
dams. 

The average production of any group of dams and daughters is indicated 
by tilie position of the X within each major square representing any given 
bull 

The position of the X indicates lhat of the six dairy bulls, only John and 
Paul increased the average productivity of the herd. Canary and Lad were 
inferior bulls that reduced the average production of the herd to a remark¬ 
able d^jfree. It is interesting to note that Canary was a show bull that had 
won some ribbons at fairs but his value lay chiefly in his looks, not in his 
performance. 

The reliability of the avenge production of the daughters from each bull 
can be estimated by the compactness of grouping of the dots. 



THE ADDITION OP CAROTENOIDS AS A MEANS OP MAINTAIN-- 
ING A UNIFORM COLOR IN MILK AS MEASURED BY THE 
LAC-CHROM-MBTER 

EDWIN B. WILLIAMS,! L. H. BUEGWALD 
Department of Dairy Technology, Ohio State University, Columbus, Ohio 

AND 

R. G. WASHBURN 

Ohio Agricultural Experiment Station, Wooster, Ohio 

For a long time milk consumers have noticed that the milk which they 
buy varies in color throughout the year. Milk normally has a deeper yellow 
color during the spring and summer when cows have access to fresh green 
pasture. 

In this investigation color determinations of milk of the five breeds, 
Ayrshire, Guernsey, Holstein, Jersey and Brown Swiss were made using 
a Munsell ^‘Lac-chrom-meter.”® Figure 1 shows a diagrammatical sketch 
of the instrument used. The procedure for making the color determination 
is briefiy as follows: the instrument is properly balanced, the sample cell C 
is filled with the milk to be tested, placed on the sample shelf SH, and the 
light B moved until the spot S in the center of the field disappears. The 
point where the pointer shadow falls on the scale indicates the color grade 
of the sample measured. Garrett et al, (3) have given the principles in¬ 
volved in the construction and operation of a similar instrument known as 
a * * lactochrometer.' ’ 

The effect of the direct addition of carotene on the color of the milk was 
also measured with the same instrument in an effort to determine the feasi¬ 
bility of standardizing the color of milk throughout the year by the direct 
addition of carotene during seasons when the normal color of the milk is 
low. At various intervals carotene determinations on the normal milk were 
made in an effort to find out if there was any correlation between the color of 
the milk as determined on the ^^Lac-chrom-meter” and the carotene content 
of the same milk. 

Baumann and Steenbock (2) found that ‘‘carotene addition to winter 
butter in an attempt to increase the vitamin A activity up to that of summer 
butter does not appear to be practical unless the public should be found to be 
willing to accept a much more highly colored product than at present. 

The milk from the various breeds was collected from four or more cows 
of the same breed in the Ohio State University dairy herd. The cows were 
stabled from the middle of November until April 21 at which time they were 

Received for publicatioxL June 6,1942. 

! Now located at Colorado State College, Fort Collins, Colorado. 

s The instrument used was loaned through the courtesy of the American Guernsey 
Cattle dub. 
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turned out on pasture. During the period from February 17 to April 21, 
they received 24 to 36 pounds of molasses alfalfa silage, 7 to 12 pounds of 
grain and all the good quality leafy green alfalfa hay they would eat. The 
mixed herd samples, which were tested, were taken from the University herd 
mixed-milk after it had been delivered to the University dairy and dumped 
into the we^h tank. By using such milk, a representative mixed milk could 
be obtained as the University herd is made up of cows from the five breeds 
named above. The homogenized milk used was the same mixed milk after it 
had been homogenized and pasteurized. 

When readings were made on the various milks standardized to five per 
cent fat, a portion of the milk was separated by gravity and the cream and 
slriniTnilk recombined in the amounts necessary to produce a milk testing 
five per cent. 



Fio, 1. Diagrammatical Aietch of the “Jjae-ehrom meter.’" 


The source of carotene used was “Provalac,” a commercial beta carotene 
concentrate emulsified in butterfat, furnished by the General Biochemieals 
Company, of Chagrin Falls, Ohio. It was diluted by mixing one part of the 
concentrate with nine parts of homogenized milk. This solution was then 
pipetted into the samples at the rate necessary to give an addition of 300, 
600 and 900 micrograms carotene per quart, equal to 500, 1000 and 1500 
International Units of vitamin A, respectively. 

For the carotene determinations, a portion of the natural milk was sepa¬ 
rated by gravity, the cream being churned into butter which was analyzed 
for carotene content spectrophotometrically at the Ohio Agricultural Ex¬ 
periment Station. * 

The results of these experiments are given in table 1. According to the 
“Lae-chrom-meter” readings, Guernsey milk was consistently higher in 
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color than that of the other breeds, followed in order by Jersey, Ayrshire 
and Brown Swiss (the latter two being approximately the same), and Hol¬ 
stein which showed the least color. 

From February 17 until April 21, at which time the cows were turned on 
pasture, tlie color of the milk within the various breeds varied to some extent 
but was generally lower than the color exhibited by the same breed after 
the cows were turned on pasture. This increase in color is attributed to 
the increased carotene content of the milk due to the cows being placed on 
green pasture. The milk of the Jersey and Guernsey breeds increased in 
color to a greater extent than that of the other breeds. The results indicate 
that the milk of each breed reached its peak in color, approximately three 
weeks after the cows were turned on pasture, and after the peak was reached, 
there was a slow but general decline in color into August for some of the 
breeds, yet the carotene content of the milk actually increased as shown in 
table 1. 

The results presented in table 1 show that by adding carotene to the milk 
of tlie various breeds or to mixed herd milk, the color of the milk is increased 
by approximately 1.0 ‘‘Lac-chrom-meter’’ unit with each addition of 300 
micrograms of carotene. On this basis it would have required the addition 
of about 450 micrograms of carotene per quart to the winter milk to bring 
about a color somewhere near the maximum obtained when the cows were on 
pasture. 

Since the color of milk may be increased by adding carotene directly to 
the milk, visual comparisons of the various types of milk used in this 
experiment were made using normal Guernsey milk as a standard. Samples 
of the various types of milk were placed in test tubes of the same diameter 
and carotene was added to them until they matched the color of the normal 
Guernsey milk according to a visual comparison. Carotene in the following 
amounts per quart of five per cent milk was needed to match the Guernsey 
milk in most instances: 600 micrograms for Ayrshire, Holstein, and Brown 
Swiss; 180 for Jersey; 450 for mixed herd milk; and 300 for the same mixed 
herd milk after it was homogenized. The color of the milk to which carotene 
was added did not exactly match the color of the Guernsey milk, as it had 
somewhat of a reddish tinge, slightly different from the normal yellow color 
of the Guernsey milk. The visual color seemed to increase to a greater extent 
on the addition of carotene than did the “Lac-chrom-meter’^ units. 

The comparison between the ‘‘Lac-chrom-meter^’ reading and carotene 
content shows only a general correlation in this respect and not a direct one, 
as an inspection of table 1 will show. This indicates that the “Lac-chrom- 
meter’’ reading is influenced by other factors than the carotene content of 
the milk. That there is a correlation between the fat content and color of 
milk has been shown by Bartlett et al, (1). The fat content of the milk 
affected the *'Lac-cbrom-meter’^ reading. This point is illustrated in table 
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1 and shows that the ‘‘Lac-chrom-meter’' reading of the normal milk is 
different from that obtained when the milk was standardized to five per cent 
fat No attempt was made to standardize the solids-not-fat. 

Another important factor affecting the ‘^Lac-chrom-meter” readings is 
the size of the fat globules in the milk, which is illustrated in table 1 where 
the readings obtained on the unhomogenized mixed herd milk are compared 
with the same milk after homogenization at 2500 pounds pressure. Homoge¬ 
nization at the above pressure causes an increase of more than 2.0 ^‘Lac- 
chrom-meter' * units over the corresponding unhomogenized milk. Although 
the homogenized milk has a richer color than the same milk unhomogenized, 
it is not in proportion to the increase in ‘‘Lac-chrom-meter’* units. 

Table 2 shows the increase in ‘‘Lac-chrom-meter'’ readings as the 


TABLE 2 

Lac-ehrom-meter reading and ttise of fat glohvles as influenced by various homogenization 

pressures. Mixed herd milk 


Homogenization 

pressure 

Lac-chrom- 
meter reading 

Range of fat globule 
size (microns) 

Size of majority of fat 
globules (microns) 

Control —^110 presHure 

3.1 

0.5-10 

5.0 

500 lbs. 

4.4 

0.5- 6 

4.0 

lUOO IbM. 

5.4 

0.5- 5 

3.0 

1500 lbs. 

5.9 1 

0.5- 3 

1.5 

2000 lbs. 

6.4 

, 0.5- 3 

1.0 

2500 lbs. 

6.4 ! 

I 0.5- 3 

' 1.0 

3000 lbs. 

6.4 : 

' 0.5 - 3 

' 1.0 

3500 lbs. 

6.8 1 

1 0.5- 2 

Less than 1.0 

4000 lbs. 

6.8 

! 0.5- 2 

1 Less than 1.0 


homogenization pressure is increased and the average size of the fat globules 
is decreased. These results indicate that as the fat globules are made 
smaller with a corresponding increase in numbers, the “Lac-chrom-meter’’ 
reading increases. 

SUMMARY AND CONCLUSIONS 

Guernsey milk showed the highest amount of color according to the ‘^Lac- 
chrom-meter ’ ’ reading and a visual inspection. Green pasture increased the 
color of the milk of all the breeds studied. “Provalac” (a carotene con¬ 
centrate) added directly to the milk increased the “Lac-chrom-meter’’ 
reading approximately 1.0 unit for each 300 micrograms of carotene added 
I>er quart of milk. It would require about 450 micrograms of carotene per 
quart to be added to winter milk in order to increase the color to somewhere 
near the maximum obtained when cows are on pasture. The “Lac-chrom- 
i^eter^’ reading cannot be used as a direct measure of the amount of carotene 
in the milk. Homogenization increased the “Lac-chrom-meter^* reading. 
The higher the pressure, the greater the reading. The visual color was hot 
increased in proportion to the "‘Lac-chrom-meter^^ reading. In the case of 
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homogenization the '^liac-chrom-meter” reading increased proportionally 
more than did the visual color, while when carotene was added the visual color 
increased in greater proportion than did the '^Ijac-chrom-meter'^ reading. 
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THE EFFECT OF AMPHYL ON MOTILITY AND LONGEVITY 
OF BOVINE SPERMATOZOA 

H. 0. OUNN, 0. L. LBPARD, JAMES M. MUEPHY and 
' O. P. GABBETT 

New Jersey AgrieuJtural Experiment Station, New Brunswick, N. J, 

A common recommendation in the practice of artificial insemination of 
dairy cows is that all contact of semen with chemicals should be avoided. 
This precaution has applied especially to acids, alkalies, disinfectants, germi¬ 
cides, and such chemical compounds as may give off fumes that are corrosive 
in nature. A general recommendation of this kind undoubtedly is sound, 
but it is not based on complete experimental evidence of the effect of chem¬ 
icals on spermatozoa. 

In a series of experiments coiiducted to determine the value of certain 
disinfectants in maintaining dairy farm hygiene, an attempt was made to 
substitute Amphyl for heat in the sterilization of equipment and glassware 
used in the practice of artificial insemination. Amphyl (1, 2) is the regis¬ 
tered trade name of a disinfectant consisting of a mixture of p-chloro-symm.- 
m-dimethyl hydroxybenzene, p-tert.-amyl hydroxybenzene, and neutral soap 
in a solution containing 20 per cent (bj' volume) of alcohol, 6.5 per cent of 
glycerol, and 34 per cent of water. The concentrated solution has a phenol 
coefficient of 10. Evidence of its non-toxic, non-injurious action to human 
and animal tissue and its efficacy as a disinfectant has been published (3,4). 

EXPEaaMENTAL PROCEDUBE 

The semen from one Holstein bull was used in the experiments reported 
here. In all cases the sperm were 95 per cent motile inunediately following 
ejaculation. In determining the percentage of motility, the semen was trans¬ 
ferred to a glass microscope slide by means of a sterile standard wire loop. 
The glass slide was warmed to about body temperature and the semen was 
covered with a thin glass slip before examination was made under the micro¬ 
scope. Both the high-dry and oil-immersion objectives of the microscope 
were used. 

The semen, unless otherwise stated, was diluted with a standard diluter 
solution consisting of equal parts, by volume, of egg yolk and phosphate 
buffer. The phosphate buffer solution was made by dissolving 0.1 gram of 
anhydrous EHtPO« and 0.39 gram of anhydrous Na 8 HP 04 in 50 ml. of 
distilled water. The buffer solution was sterilized in the autoclave. 

All semen samples were held at 3° C. while in storage. 

Beeeived for paUioatioa June 8, 1942. ^ 

* jQontal wriw pxpw of tlie Mew Jersey Agricultural Experiment Station, Butgera 
Vaiirend^, Department of Dairy Huabandiy. 
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The ooneentrftted Amphyl was diluted with water to the desired 
coaceatraticm. 

The measures of the effect of the various treatments on sperm were the 
percentage of motility at any given time and tiie length of time required 
for cessation (d all motility. 

BXPBRIllBNTAIi KESUUTB 

Seven experimental trials served to demonstrate that the residues left 
on artificial insemination equipment and glassware after sterilization with 
Amphyl had no harmful effect on the motility or longevity of the sperm of 
semen subsequently brought into contact with this equipment. A severer 
test of the effect of the Amphyl on semen, therefore, seemed indicated. 

The addition of one ml. of a one per cent solution of Amphyl to one ml. 
of undiluted semen caused all sperm motility to cease within 30 seconds. 
When one ml. of semen was diluted with one ml. of the phosphate buffer 
solution which contained one per cent of Amphyl, all motility ceased within 
one hour. When a small volume of the concentrated Aonphyl, however, was 
added to semen that had been diluted with standard diluter, motility per¬ 
sisted for several days. This unexpected behavior led to tlie organization 
of five experimental trials in order to observe, more carefully, the action of 
the disinfectant on semen. 

In the first trial, a sample of semen was diluted 1:3 with the standard 
diluter and was divided into 2 parts, one part to be the control sample and 
one part the experimental sample. One volume of one per cent Amphyl was 
added to 5 vcfiumes of the experimental sample, which gave a final concen¬ 
tration of 0.167 per cent of the disinfectant in the diluted semen. Bacterial 
counts in the treated and untreated semen were made on the first, third, and 
seventh days of storage. The percentages of motile sperm in both samples 
were determined daily with the exception of the second and fourth days. 
The results are presented in table 1. 

The rate of decrease in percentage of sperm motility was identical for 
both the control and the Amphyl-treated semen during the first S days of 
storage. Thereafter, however, the rate of decrease was considerably less 
in the treated semen than in the untreated semen. All motility had ceased 
in the control sample by the seventh day, whereas, a small percentage of 
sperm were still motile in the treated semeo, on the tenth day. The bac- 
teridlogieal data indicate that the disinfectant had UtUe influence on the 
bacteria under the eenditions prevailing in this experiment. 

In trial 2, a 1:1 dilution of the semen was made with the standard 
diluter. The dilated smnen wa« dMided into 3 equal portioms of 4 ml. each 
and put into gilBSs tubes. Tube 1 smrved as the control. One mL of one per 
cent Amphyl was added| to tube 2; 2 nd. were added to tube 8. The concoti- 
tnatlom of Amphyl in thhea 2 and 8 was> raqpectively, 0.2 and 0.88 pmr cent. 
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The results of the motility and bacteriological examinations and of the pH 
determinations are shown in table 2. 

The rate of decrease in motility was about the same for the control and 
.Ajnphyl-treated samples of semen for the first 4 days. Thereafter the 
Amphyl-treated semen showed a slower decrease in motility than the control 
semen. All motility had ceased in the control semen after the seventh day, 
in the semen containing 0.2 per cent Amphyl after the eleventh day, and 
in the semen containing 0.33 per cent Amphyl after the fourteenth day. It 
is interesting to note the length of time motility persisted in a small number 
of sperm in the semen containing 0.33 per cent of Amphyl. The difference 
in the numbers of bacteria in the three samples did not seem significant. 


TABLE 1 

Effect of Amphyl on the percentage of motile sperm, the persistence of sperm motility, 
and the numbers of bacteria iu semen—trial 1 
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mixture mu divided into 4 parts, each part consisting of 2 ml. of the 
diluted semen. Tube 1 served as the control, tube 2 contained one ml. of 
one per cent Ampbyl, tube 3 contained one ml. of one per cent Iiysol, and 
tube 4 contained one ml. of one per cent Zephiran The results are presented 
in table 5. 

The results presented in table 5 show that Lysol is highly toxic to sperm 
even though some motility persisted for three days. Zephiran did not 
exhibit much effect on sperm, although the rate of decrease in percentage 
of motility was dightly greater than in the control semen. Motility persisted 

TABLE 2 


of Amphyl tn different coneentrationa on the percentage of motile eperm, the 
permtenoe of aperm motdity, the numbere of baoterta, and 
the pH of aemen—tnal B 




Bacteria per mL of 
undiluted semen 

pH 

Days 

Control 

Treated* | 

Control 

Treated* 

Control 

Treated* 


1 

2 

-1 

3 

1 

2 

1 3 

1 

2 

3 


% 

% 

% 

thoveanda 





1 

95 

95 

95 

356 

339 

'275 

6.4 

6.4 

64 

2 


85 

85 







8 

80 

80 

76 



i 




4 

50 

50 

50 







5 

20 

40 

40 







6 

5 

30 

30 







7 

5 

20 

20 







8 

0 

20 

20 




6.2 

6.2 

6.2 

9 

0 

10 

10 







10 

0 

5 

5 

299 

381 

284 




11 

0 

5 

5 




6.2 

6.2 

6.2 

12 

0 

0 

5 


236 

279 




18 

0 

0 

5 







14 

0 

0 








15 

0 

■1 

u 








* Treated semen: tube 2 contained 0.2 per cent Ampbjl; tube 3 contained 0.33 per 

cent. 


for four days longer in the Amphyl-treated semen than in the control semen. 
The sperm in this sample of semen were unusually virile, as indicated by the 
persistence of motility in the control sample for ten days. Oenerally, 
motility persists for only five or six days. 

An experiment was conducted to observe the effect of Amphyl on an 
organism other than bovine spmm. A pure culture of a hem(^ic stapfaylO' 
coccus, which contained SOO/ipO^OQO organisms per ml., was treated with 
Amphyl in the presence of phM^te buffer alime, in the presence of vgg 
yolk alone, and in the presence of the standard diluter. Ten mL of each 
solution were sterilised, inoculated with (U ml. of tiie staphyloooeous ealtnre» 
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and allowed to stand 30 minutes before being plated out in beef extract- 
blood (bovine) agar. The plates were incubated at 37® C. for 48 hours. 

The results, presented in table 6, show that Amphyl destroyed all organ¬ 
isms in the presence of either the phosphate buffer alone or the egg yolk 
alone, whereas, in the presence of the standard diluter, many of the organ- 

TABLB 3 

Effect of Amphyl tn different conoeniraiwnB on the percentage of motile eperm^ the 
persiatenoc of sperm motthty, and the numbers of bacteria in 
semfU'^inal $ 



Motility 

% 

85 

60 

40 

60 

30 

5 

0 

0 


continued to grow. The number, however, was only about one per cent 
of the total which grew in the standard diluter medium in the absence of 
Amphyl. Tests showed, further, that organisms were still alive in this 
medium in the presence of one per cent Amphyl after seven days. These 
results agree wdl with the findings on bovine sperm. 



Bacteria per ml. of uadiluted semen 
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TABLR 6 

jBif0ot of equal oonoenirat%oim of Amphyl, Lysol, and Zephiran on the peroentape 
of motile sperm and the perstetenoe of sperm motihty semen 
diluted mih standard d^uter^inal $ 


Days 

Hotility 

Control semen 

Treated semen 

Amphyl 

Lysol 

Zepluran 


% 

% 

% 

% 

1 

95 

90 

50 

90 

2 

86 

75 

15 

75 

3 

60 


s 

50 

4 

50 



50 

5 

40 



20 

6 

40 

25 

0 

15 

7 

20 

30 

0 

16 

8 

15 

15 

0 

15 

9 

5 

15 

0 

10 

10 

1 

15 


0 

11 

0 

15 

0 

0 

12 

0 

35 

0 

0 

18 

0 

15 

0 

0 

14 

0 

15 

0 

0 

15 

0 

15 

0 

0 


TABLE 6 

Sactenoidal effect of Amphyl on a hemolytic staphylococcus suspcndfd 
in various media 


Solutions 

Bacteria per ml 
thousands 

10 ml phosphate buffer 

10 ml* phosphate buffer+ 0.1 ml, culture 

10 ml phosphate buffer+ 0.1 ml. culture+1 ml. Amphyl 

0 

73,000 

0 

5 mL egg yolk+ 5 ml* water 

5 ml egg yolk + 5 mL water + 01 ml culture 

5 mL egg yolk + 6 ml water+ 01 ml culture + l ml Amphyl 

0 

173,000 

0 

10 mL standard diluter 

10 ml. standard diluter+0.1 ml culture 

10 ml. standard diluter+ 01 ml culture + l ml. Amphyl 

0 

247,000 

2,480 


DISCUSSION 

No completely satisfactory ezplaiiatioii of the bchayior of bovine sperm 
or of the hemolytic staphylococcus in the prewnce of Amphyl can be offered. 
It soems possible that the toxicity of the disinfectant toward sperm and 
bacterial organisms is greatly reduced or completely nullified by the pres¬ 
ence of the ingredients in the standard diluter. This conceivably could take 
place through some type of ehemicdl eoi&bination, perhaps between Amphyl 
^ yolk in the presence of phosphates. The increased longevity and 
motility <rf the sperm, however, cannot be explained on this 
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SUMMARY 

The motUity of bovine sperm in undiluted semen ceased within 30 sec¬ 
onds after the addition of 0.5 per cent Amphyl, a disinfectant containing 
synthetic organic compounds. 

Indications are that sperm, suspended in an egg yolk-phosphate buffer 
dilution medium containing from 0.2 to 0.5 per cent of Amphyl, maintained 
motility longer than that of sperm suspended in the same medium but con¬ 
taining no Amphyl. 

Sperm suspended in phosphate buffer solution containing one per cent 
Amphyl soon lost all motility. 

Sperm suspended in egg yolk-phosphate buffer solution containing Lysol 
lost all motility within three days, whereas, those suspended in the same 
medium but containing Zephiran remained motile for a period equal to that 
of the control sample. 

Hemolytic staphylococci were completely destroyed in phosphate buffer 
and in egg yolk solution containing one per cent Amphyl; many of the 
staphylococci continued to grow after seven days when suspended in egg 
yolk-phosphate buffer solution containing one per cent Amphyl. 
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THE VITAMIN A VALUE OF ROQUEFORT TYPE CHEESE* 

E. N. TODHTJNTEE, C. E. EODEBUCK and N. 8. GOLDING 

Dhition of Home Meonomiot and Dtvitton of Hairy Huibaniry, Agnevitural Experiment 
Station, State College of Washington, Pullman, Washington 

INTHODUCTION 

Several factors have been reported to have an effect on the vitamin A 
value of cheese. Hathaway and Davis (6) in a study of twenty different 
kinds of cheese fonnd considerable variation in vitamin A content of any 
given kind of cheese. They reported that the vitamin A value was influ¬ 
enced by the vitamin A potency of the milk used, the amount of butterfat in 
the milk and the methods of processing, packaging and storage. Carotenoids 
have been shown to be present in microorganisms and the ability of certain 
microorganisms to synthesize carotene has been demonstrated (1, 9). It 
was considered possible that the organisms used in the manufacture of 
Roquefort cheese also might have the capacity to produce carotene or vita¬ 
min A. Therefore, the following investigation was planned to determine the 
vitamin A value of cheese ripened with Roquefort mold, similar cheese with¬ 
out mold growth and the unripened frozen curd. 

EXPERIMENTAL 

Preparation of cheese: The cheeses were all made on September 10,1940, 
from the same lot of raw milk in the same vat. The method of manufacture 
used was a modification of two well known processes (5, 7) for the making of 
blue cheese. The modifications were to obtain the cheese in cylinders of 
3J" with the desired moisture content. Just before the curd was put in the 
cylinders it was inoculated with a mold powder prepared from a culture of 
PeniciUium roqueforti, Culture 33D (2, 3). The next day the cylinders of 
curd were cut into pieces 1^" high and brine salted for 2 hours in a saturated 
brine solution. At this stage the curd was divided into three groups: 

(a) Frozen Roquefort type curd. The salted curd was vacuum packed in 
#2 short one-half pound flat Columbia River sized re-enamel cans. This 
curd was prevented from ripening into cheese by holding it at 0° F. or lower 
until used. 

(b) Roquefort type cheese, ripened -without mold growth. This lot was 
vacuum canned exactly the same as lot (a), thus inhibiting mold growth, but 
was allowed to ripen in the vacuum sealed cans at the same temperature as 
lot (c). 

(c) Roquefort type cheese, ripened with mold growth. This lot was 

BeceiTed for publication June 10,1942. 

* Published os Sdentific Paper No. 620, College of Agriculture and Agrieultural 
Experiment Station, State OoUege of Washington. 
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placed in the cans with lids loosely placed on. Both lots (b) and (c) were 
then held in a gas controlled chamber (4) at a temperature o£ 50° F. until 
October 29,1940, when lot (e) had developed a good growth of P. roqusfotii. 
The cans of lot (c) were then vacuum sealed. Both lots (b) and (c) were 
then placed in cool storage (30° P. to 40° F.) until used. 
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18 per cent; cornstarch 65 per cent; yeast 8 per cent; salt mixture (Osborne 
and Mendel) 4 per cent; Wesson oil 5 per cent. Viosterol, three drops per 
week, was given orally throughout the experiment. The rats were depleted 
of their reserves of vitamin A in 25 to 36 days and were allotted to one of six 
groups which were equalized for sex, litter, weight and length of time of 
depletion. The groups were as follows: (a) Frozen Eoquefort type curd, 
one gram, (b) Koquefort type cheese, ripened without mold growth, one 
gram, (c) Roquefort type cheese, ripened with mold growth, one gram, (d) 
basal diet only, (e) reference (?od liver oil, 25 I.U., (f) reference cod liver oil, 
50 I.II. Single feedings of these supplements were given and the animals 
were allowed basal diet ad libitum until death. Growth curves were drawn 
for all animals and the area under the curve, using the base line as described 
by Sherman and Todhunter (8) was measured with a planimeter. 

RESULTS AND DISCUSSION 

The data are summarized in table 1 and figure 1. In order to determine 
whether the areas under the curves were significantly different, the data were 


TABLE 1 

Vitamin A value of Moquefort type cheese 


Supplement 

Moisture 

per 

Number of 
animals 

Area 

under 

Vitamin A 
value (I.U. 


cent 


F 

curve 

per gm.) 

(a) Frozen Roquefort type 






curd, 1 gm. 

45.52 

8 

7 

3.91 

25 

(b) Roquefort type cheese 
ripened without mold 
growth, 1 gm. . , 

1 

44.94 

1 8 

7 

5.48 

25 

(c) Roquefort type cheese 
curd ripened with mold 
growth, 1 gm.. 

41.67 

8 

7 

5.51 

25 

(d) Basal diet . 

(e) Reference cod liver oil, 

25 I.U. 


5 

8 

1 

6.20 

1700 

(f) Reference cod liver oil, 
50 LU. 


i 6 

7 

13.37 

1700 


treated statistically by the analysis of variance method. The areas for the 
curves of the three samples of cheese were not significantly different from 
each other nor from that obtained when 25 I.U. of vitamin A were fed as 
reference cod liver oil. Therefore, it is concluded that the vitamin A value 
of each of these samples of cheese was approximately 25 I.U. per gram, and 
that the Roquefort organism, Culture 33D, was without influence on the 
vitamin A value of the cheese under these conditions. Hathaway and Davis 
(6) reported values of 401.U. of vitamin A per gram of Roquefort cheese. 

The area under the curve for the group receiving 50 I.U. of vitamin A as 
reference oil was almost exactly twice that of the group receiving 25 I.U. of 
vitamin A and the difference in area was found to be statistically significant. 
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Tbis offers confirmatory evidence that the area under the curve is propor¬ 
tional to the amount of vitamin A fed and that the method of single feeding 
is reliable for vitamin A measurements. 

SUIAMABY 

The vitamin A value of Roquefort type cheese with and without mold 
development was determined by bioassay using the method of single feeding. 
The vitamin A content was the same for all samples of cheese, approxixnately 
251.U. per gram. No evidence was obtained that mold growth, by Culture 
33D, in Roquefort type cheese increased the vitamin A value. 
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OXIDIZED FLAVOR IN MILK. XI. ASCORBIC ACID, 
GLUTATHIONE, AND HYDROGEN PEROXIDE 
AS MECHANISMS FOR THE PRODUCTION 
OF OXIDIZED FLAVOR* 

FLOYD C. OLSON* and W. CARSON BROWN* 

West Virginia AgrieuUwal Bacperiment Station, Morgantown 

Hand and Sharp (11) recently proposed that changes in the flavor of 
milk might be produced by certain pigments, vitamins, and enzymes. The 
riboflavin system was mentioned as was also the oxidation of ascorbic acid 
with cuciunber ‘ * oxidase. ” They found that other catalysts of ascorbic acid 
oxidation produce hydrogen peroxide. Thurston, Brown, and Dustman 
(24) reported that oxidized flavor in milk was caused by the oxidative break¬ 
down of lecithin in mUk. The term lecithin was used as inclusive for the 
phospholipids. Lecithin and cephalin have been shown to be easily oxidized 
(5). From this it would seem that the mechanism for the development of 
oxidized flavor in milk might be the oxidation of ascorbic acid with the pro¬ 
duction of hydrogen peroxide which then oxidizes the phospholipids, liberat¬ 
ing the compounds which give the oxidized flavor. 

In studying the oxidation of phospholipids in relation to cancer, Deutsch, 
Kline, and Rusch (9) found by manometric technique that the reaction was 
catalyzed by the presence of ascorbic acid at a pH of 4.0. In a further 
study Rusch and Kline (21) found that the oxidation of various phospho¬ 
lipid preparations was catalyzed by ascorbic acid, glutathione, and 
cysteine at pH 3.5 but that these substances were inactive at pH 7.4. 
Thiamine, riboflavin, pyridoxine, and methylene blue catalyzed the oxida¬ 
tion at pH 7.4 but not at pH 3.5, They found that certain carcinogenic 
hydrocarbons and hydroquinone, catechol, carotene, and cholesterol, as well 
as other compounds, inhibited the oxidation. Most of the compounds 
catalyzing the reaction and some of the inhibitors are foimd in milk. 

Barron, Barron and Klemperer (1) studied the oxidation of ascorbic 
acid catalyzed by copper. Using the manometric technique they found that 
the amount of ascorbic acid oxidized was proportional to the copper content 
of Orange juice, tomato juice, and grapefruit juice also showed 

nyidatin** of ascorbic acid with copper at higher acidities. 

Stotz, Harrer, and King (22) made a startling discovery when they 
attributed the catalytic activity of “ascorbic acid oxidase” from cauliflower 
and squash juices to the copper present in combination with protein. A 
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mixture of copper and albumin was found to have the same eharaoteristies as 
the ‘‘ensymes” in relation to oxidation of ascorbic acid, optimum pH, and 
inactivation by heat. In a further study McCarthy, Qreen, and King (1$) 
compared the copper protein complexes and cucumber ‘‘oxidase” with the 
similar qngtem potato oxidase on catechol. The potato system was found to 
be different from the cucumber system, but the cucumber ‘‘oxidase” was 
similar to the copper protein complex. Meiklejohn and Stewart (17) com¬ 
pared the cucumber ‘‘oxidase” with a copper protein complex and found 
that the cucumber oxidase was more active. They did, however, find that 
complete removal of copper inactivated the cucumber en;^yme. 

Hand and Griesen (10) made a study of different catalysts for the 
oxidation of ascorbic acid. Using Barcroft manometers to measure the 
oxygen consumption they found that cucumber “oxidase” caused the absorp¬ 
tion of one atom of oxygen per molecule of ascorbic acid; copper at various 
pH values caused absorption of between one and two atoms of oxygen; ribo¬ 
flavin and light caused absorption of two atoms of oxygen at pH 4 to 5 They 
explained that the reason for combination of one molecule of ascorbic acid 
with more than one atom of oxygen was the intermediate formation of 
hydrogen peroxide. They stated: “If the the hydrogen peroxide oxidizes 
ascorbic acid or is decomposed by catalase the number of oxygen atoms 
equals one; but if hydrogen peroxide accumulates in the solution or oxidizes 
dehydroascorbic acid the number of oxygen atoms equals two.” 

In a review of the oxidase systems of higher plants, Boswell and Whit¬ 
ing (4) found that the ascorbic acid oxidase, dihydroxy maleic acid oxidase, 
and catechol oxidase all belonged to the same system The reason for 

—C—OH 

this was the same grouping in the substrates, the || group. With 

—(3—on 

all three compounds hydrogen peroxide was formed when the right catalysts 
were used for the oxidation. Barron, De Meio, and Klemperer (2) explained 
the formation of hydrogen peroxide by the fact that ascorbic acid was oxi¬ 
dized by the cupric ion forming dehydroascorbic acid and cuprous ion. The 
cuprous ion was then oxidized by oxygen of the air to the cupric ion pro¬ 
ducing hydrogen peroxide. Dekker and Dickinson (8) gave a similar ex¬ 
planation for the production of hydrogen peroxide by copper catalytic 
oxidation of the ascorbic add. 

Bobertson, Hopes and Bauer (19) studied a system somewhat similar 
to milk in the degradation of mucins and polysaccharides by ascorbic acid 
and hydrogen peroxide. That hydrogen peroxide was the cause of the mucin 
degradation was proved by getting np reaction when catalase was added to 
the qystem eompared to a degraddtiqn of mucin when it was treated with 
asooi^iic add in cqpper sulphate solution. 

Corbett and Tracy (fi) i^orted an aeceleratitm of oxidized flavor in 
some oases and protection in oUier cases with ascorbic add in milk. DaUe 
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and Palmer (7) as well as a number of others have found ascorbic acid to 
protect milk from oxidized flavor. 

Hopkins (13) studied the influence of glutathione on fats and proteins. 
At pH 3 to 4 the fatty acids, linoleic and linolenic, were oxidized by gluta¬ 
thione and oxygen. At pH 7.4 to 7.6 he found that half the oxygen uptake 
was used for the oxidation of the sulfhydryl group of glutathione and half 
for the oxidation of lecithin. Tait and King (23) in studying the oxidation 
of lecithin in the presence of glutathione found that the oxygen uptake 
of lecithin was about four times that which would be expected from a con¬ 
sideration of its iodine number in relation to the iodine number of its 
constituent fatty acids and their oxygen uptake. Hopkins and Morgan (14) 
studied the relationship of glutathione with ascorbic acid. They found 
that as long as glutathione was present in the unoxidized form, ascorbic 
acid was completely protected from oxidation, but after the glutathione was 
oxidized the ascorbic acid oxidized normally. Rosenthal and Yoegtlin (20) 
found that copper ions oxidized reduced glutathione only to the oxidized 
form but they oxidized cysteine, which has a similar sulfhydryl group, from 
the reduced form to the break down constituents of ammonia, carbon dioxide 
and sulphuric acid. 

Many theories can be postulated on the mechanism of oxidized flavor 
in milk, but some method of testing the theories must be found and in apply¬ 
ing them to milk it is necessary to have sufficient sample so that tlie flavor 
may be determined by taste. In the papers reviewed most of the investi¬ 
gators have used manometers to measure the oxygen absorbed in order to 
determine the rate of oxidation. The use of milk is complicated by the 
number of interfering substances. Palmer and Wiese (18) washed cream 
from five to eight times to remove the milk plasma solids. This left only the 
fat globules composed of butter fat and fat globule membrane, the latter 
being a mixture of protein and phospholipids. If it is the phospholipids 
that give the oxidized flavor, they should be easily oxidized in washed cream 
and this could be used to test the theories. Accordingly, the following 
experiment was planned and conducted. 

EXPERIMENTAL 

For use in this experiment, cows whose milks were susceptible to oxi¬ 
dized flavor were selected and the milk from these animals was used through¬ 
out the experiment. 

Samples of milk were collected from these cows each morning and 
placed in a ten gallon aluminum can. The milk was then pasteurized by 
immersion of the can in a vat fitted with steam coils and a cold water inlet. 
The temperature of the milk was raised to 144® P. ±: 1® P. and held for 30 
minutes. Following pasteurization a quart sample of the milk was removed 
and used as u control. The remainder of the milk was then separated and the 
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creBm was washed by dilution with a volume of hot water equal to the volume 
of the skim milk removed. This was repeated five times so that practically 
all of the milk plasma solids were removed. In order to control the JtH 
a buffer (6.8) was used in certain cases. This buffer was heated to 140- 
160** F. and added to the washed cream and the cream was separated a sixth 
time. One examination of the washed cream revealed only 0.25 per cent 
protein indicating practically complete protein removal. The washed cream 
thus obtained was then ready for mcpcrimental treatment. 

The control sample of milk was divided into four haU-pints. One 
of these was used as a control with no added copper while the others were 
contaminated with 0.5, 1.0, and 1.5 p.p.m. of copper, respectively, added 
from a copper sulphate solution. The cream was divided into two lots. Each 
lot was then divided and contaminated with copper in the same way as the 
milk. In addition to the added copper, in the second lot 50 mg. of ascorbic 
acid was added to each half-pint sample, which is equivalent to 210 mg. per 
liter. AU samples were t)ten stored at 40° F. ± 5° F. for three da 3 ns, after 
which th^ were scored by at least three judges familiar with oxidized 
flavor. Since the oxidized flavor developed in the washed cream was so much 
stronger than that developed in the control milk, no attempt was made to 
classify its intensity. The results of this experiment are shown in table 1. 
These results show quite clearly that copper added to washed cream will not 
catalyze the development of oxidized flavor. In none of the five trials was 
there any trace of oxidized flavor developed. In the trials in which 210 mg. 
per liter of ascorbic acid were added to the washed cream prior to contamina¬ 
tion with copper, a strong oxidized flavor developed. In most cases where 
the ascorbic acid was added to the control sample of washed cream containing 
no added copper the oxidized flavor likewise developed. 

Since ascorbic acid has been reported to protect milk against the de¬ 
velopment of oxidised flavor it seemed desirable to study the effect of 
vaxiouB concentrations of ascorbic acid on the susceptibility of washed 
cream. Accordingly, washed cream was fortified with various cneentrations 
of ascorbic acid and contaminated with copper as in the preceding experi¬ 
ment. The results are shown in table 2. An examination of these results 
riiowB that when wadied cream was fortified with 630 mg. per liter of ascorbic 
acid no oxidized flavor developed. The addition of btiffer to the washed 
erezm to control the pH of the reaction did not change the results. At 
eoncentratiims of ascorbic add of 21 mg. per liter the development of ozi* 
dized flavor was erratic. However, concentrations of from 40 to 100 milli¬ 
grams per liter gave the str<mgest development of the flavor. 

Ik the previous expedmmits, it Sras observed that the oxidized flavor 
devalofied by addition of ascorbic acid to washed cream was many times 
a* stMBg SB that produced in susceptible milk. In many instances it was 
mSMsaitty to use normal milk and dilute the highly flavored washed cream so 
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as to obtain a typical oxidized flavor. Since the flavor developed in washed 
cream was so much stronger than that developed in normal milk it seemed 
desirable to study the effect of ascorbic acid on non-susceptible milk. Sev¬ 
eral attempts were made to select cows which gave non-susceptible milk, but 
during the dry feeding period when sufficient quantity of milk was selected 
there was usually a suggestion of oxidized flavor after the three-day storage 
period. Accordingly, several cows were selected and placed on pasture 
during the day. After about one week of early spring pasture the morning 
milk from these cows was tested and found to be non-susceptible. This milk 
was then used in obtaining the data in table 3. The results obtained in this 
study show that an oxidized flavor can be developed in washed cream from 
normally non-susceptible milk. An examination of these data reveals quite 
clearly that the material rendering milk non-susceptible to oxidized flavor, 
when contaminated with copper, is carried in the water phase of the milk. 
These results are in agreement with the observations of Krukovsky (15). 

Since ascorbic acid has been shown to catalyze the oxidation of phos¬ 
pholipids and produce an oxidized flavor in washed cream, it seemed ad¬ 
visable to determine if several of the other materials suggested by Busch and 
Bline (21) as catalysts for thiKS reaction, might likewise catalyze the devel¬ 
opment of oxidized flavor. Accordingly, several of these materials were used 
in various concentrations. The results of this study are shown in‘table 4. 
An examination of these data reveals that thiamine, pyridoxine, riboflavin, 
and cysteine, do not catalyze the development of oxidized flavor in washed 
cream even in the presence of copper. The data obtained with riboflavin 
were rather limited but when increased concentrations were used they caused 
the development of a bitter flavor which would have masked any oxidixed 
flavor present. The work of Hand and Griesen (10) suggests a role for 
riboflavin through the oxidjation of the ascorbic acid. However, because of 
the bitter flavor developed this could not be checked by taste. Cysteine 
was tried at several different concentrations but at higher concentrations its 
flavor was such as to mask any oxidized flavor developed. 

Glutathione in the presence of copper caused the development of an 
oxidized flavor. It was noted that as the concentration of the copper 
increased, the intensity of the oxidized flavor developed also increased. 

DISCUSSION and results 

The results obtained in this experiment indicate that either ascorbic 
acid or glutathione,, or both, are probably involved in the mechanism 
whereby an oxidized flavor is developed in milk. Corbett and Tracy (6) 
reported that in copper contaminaiteSi milk the ascorbic acid first retarded 
the development of the oxidized flavor and then after a certain point was 
reached, the development of- the oxidized flavor was accelerated. Results 
obtained in the present study show that high concentrations of ascorbic 
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acid protect cream afijainst oxidized flavor while lower concentrations cause 
the flavor to develop. The use of a buffer to control the pH did not affect 
these results. 

Both glutathione and ascorbic acid catalyze the development of oxi¬ 
dized flavor. Any theory as to the reaction whereby this oxidation is 
brought about siioiild be applicable to both substances. A review of the lit¬ 
erature published on the oxidation of ascorbic acid reveals that the oxida¬ 
tion of these two substances may have certain similarities. The oxidation 
of ascorbic acid by copper to deh3^droascorbic acid has been reported to lib¬ 
erate hydrogen peroxide (2, 8, 10, 19).^ Likewise, it has been postulated 
(25) that hydrogen peroxide is liberated when glutathione is oxidized with 
copper. The references just cited indicate that cupric copper is reduced by 
either ascorbic acid or glutathione to the cuprous form. The cuprous form 
is then oxidixed b\’ molecmlar ox^^gen to form cupric copper and hydrogen 
peroxide. 

Since hydrogen peroxide is a strong oxidizing substance it may be 
possible that it reacts with the phospholipids to oxidize them and thus 
bring about the development of an oxidized flavor. This particular!}’^ seems 
true since it W’as impossible to develop an oxidized flavor in washed cream 
with copi)er alone. Such a theorj^ suggested the direct addition of hydrogen 
peroxide to washed cream. This w^as tried with the results showm in table 5. 
All examination of these data shows that h.vdrogen peroxide in proper con¬ 
centration with coi)per as a catal.vst docs produce an oxidized flavor. As the 
rate of copper contamination increased the intensity of the oxidized flavor 
developed likewise increased. The role of copper in this oxidation with 
hydrogen pei-oxide is not known. 

Although the development of oxidized flavor b}’ means of hydrogen 
I)ei*()xide does not give jiositivc proof that hydrogen peroxide is liberated 
during the reaction in which ascorbic acid or glutathione is oxidized in the 
development of the flavor, it does give indirect evidence that such a mecha¬ 
nism may exist and may be responsible w^hen an oxidized flavor is developed. 

CONCLUSIONS 

1. Washed cream from susceptible milk does not develop an oxidized 
flavor when contaminated with copper and stored for three days. 

2. Washed cream fortified with ascorbic acid (40 to 200 mg. per liter) 
and contaminated with copper develops a strong oxidized flavor. 

3. Washed cream containing added glutathione develops an oxidized 
flavor w^hen contaminated wdth copper. 

4. Washed cream from non-susceptible milk develops an oxidized flavor 
wdien contaminated with copper and fortified with ascorbic acid. 

8 Since this manuscript was prepared, Stciiiman and Dawson have submitted addi¬ 
tional proof for the production of hydrogen peroxide when ascorbic acid is oxidized by 
the Cupric ion. Jour. Amer. Chem. Soc., 64: 1212, 1942. 
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6. The addition of 0.10 per cent hydrogen peroxide to washed cream 
contaminated with copper causes the development of oxidized flavor. 

6. Under the conditions of this experiment, thiamine, pyxudoxine, ribo¬ 
flavin, and cysteine in the presence of copper do not cause the development 
of oxidized flavor in washed cream. 
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OXIDIZED PLAVOK IN MILK. XII. PUKTHER STUDIES OP 

ascorbk; acid mechanisms in the production 
OP oxidized plavor in milk* 


W. CARSON BROWXi \nd FLOYD C. OLSON 2 
TVrst Virginia Atjriculiural Experiment Station, Nortjaniown 

The role of as(*orhic acid in the product ion of oxidized flavor in washed 
cream has been rejxirted by Olson and Brown (8). Tlie mechanism was 
ascribed to the follo^^in" reactions: (a) reduction of cupric copper by ascor¬ 
bic acid, which was oxidized to dehyilroascorbic acid, (b) oxidation of the 
cuprous ion to the cu|)ric ion by oxy*ren from the air w'ith the liberation of 
hydrogen peroxide, and (c) oxidation of the phospholipids in the fat globule 
membrane of the cream by the hydrogen peroxide, producing the oxidized 
flavor. 

Many studies have been made of the oxidation of ascorbic acid to dehy- 
droascorbic acid, but V('ry little information is available on the oxidation of 
dehydroascorbic acid. 

Stotz, Harrer, and King (10) found difficulty in explaining tlie absorp¬ 
tion of oxygen by coi)i)er-catalyzed ascorbic acid at a pll of 7.4. They 
found that about twice as mucli oxygen was consumed as was indicated by 
the indophenol titration. 

Borsook ct ah (1) made a study of the oxidation of ascorbic acid and 
l)roposed the following reactions: 
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The first reaction was found to be reversible. At a pH below 4.0 the 
oxidation was found to stop at the dehydro form. Above pH 4.0 an irre¬ 
versible nonoxidative rearrangement changed the dehydroascorbie acid to 
diketogulonic acid. That dehydroascorbie acid undergoes a rearrangement 
has been shown by a change in optical rotation by Herbert et ah (5). By 
the use of dyes, Borsook et al. (1) were able to determine the oxidation- 
reduction potential of the diketogulonic acid; they found it to be more 
reducing and a stronger acid than the reduced ascorbic acid. Between pH 
4.0 and 9.0 the diketogulonic acid could be oxidized to oxalic acid and 
1-threonic acid. At a pH above 9.0 they believed the threonic acid was 
oxidized to tartaric acid. 

Steinman and Dawson (9) studied the mechanism for the oxidation of 
ascorbic acid. They found that when ascorbic acid was oxidized by the 
cupric ion, hydrogen peroxide was evolved, but when the reaction was cata¬ 
lyzed by the enzyme oxidase (copper-proteinate) no hj'drogen peroxide was 
evolved. 

At the pH of milk the reactions whereby ascorbic acid and diketogulonic 
are oxidized are both possible. Whether or not the diketogulonic acid can 
be oxidized by copper with the production of hydrogen peroxide as in the 
reduced ascorbic acid is not known, but the fact that the diketogulonic acid 
is more reducing than ascorbic acid would seem to indicate this possibility. 
If the development of oxidized flavor in milk follows the mechanism outlined 
there appears to be little possibility for the action of an enzyme, although 
such an enzyme has already been reported. 

Kende (7) reported that milk heated to 80-85° C. did not develop an 
oxidized flavor and attributed this to the inactivation of the enzyme 
“oleinase.” Kende (7) and later Chilson (2) and Dahle and Palmer (3) 
found the heat labile substance responsible for the oxidized flavor to be 
associated with the milk plasma. Qould and Sommer (4) and Josephson 
and Doan (6) found that snlfhydryl compounds formed when milk was 
heated to high temperatures, acted as antioxidants and inhibited the devel¬ 
opment of oxidized flavor. Oould and Sommer (4) stated “A further proof 
that the enzyme theory may not be an entirely satisfactory' explanation rela¬ 
tive to heat prevention of oxidized flavor is that the same temperatures which 
inhibited the flavor when the copper was added prior to the heating process 
were of no benefit when the copper was added following heating.” These 
results make questionable the presence of an enzyme in the development of 
oxidized flavor. Since it is possible to develop an oxidized flavor in washed 
cream; and since washed cream wmi^d-contain practically no sulfhydryl 
groups after washing, it seemed advisable to determine if high temperature 
pasteurization would inhibit the development of oxidized flavor in washed 
cream. Accordingly, this factor was likewise studied. 
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EXPERIMENTAL 

Milk samples were obtained from cows whose milks were susceptible to 
oxidized flavor development and washed cream and control milk samples for 
use in this experiment prepared as previously described (8), 

The control sample of milk was divided into four half-pints. One of 
these was used as a control with no added copper while the others were con¬ 
taminated with 0.5, 1.0, and 1.5 p.p.m. of copper, respectively, added from 
a copper sulphate solution. The washed cream w'as divided into three lots. 
Each lot was then divided and contaminated with copper in the same way 
as the milk. In addition to the added copper, lot one was fortified with 50 
mg. of ascorbic acid per half-pint sample, which is equivalent to 210 mg. per 
liter. Lot two contained the same amount of ascorbic acid and sufficient 
KI to make a 0.1 per cent solution of the cream. Lot three was fortified 
with 210 mg. of dehydroascorbic acid in the same manner as lot two. The 
dehydroascorbic acid was prepared by oxidation of ascorbic acid with iodine 
solution after the method of Herbert ct aL (5). The potassium iodide was 
added to lot two as a control to show the effect of potassium iodide on as¬ 
corbic acid. All samples w^ere then stored at 40° F. dz 5° for three days, 
after which they were scored by at least three judges familiar with oxidized 
flavor. Since the oxidized flavor which developed in the washed cream was 
so much stronger than that developed in the control milk, no attempt was 
made to classify its intensity. The results of this experiment are shown in 
table 1. An examination of the data reveals that dehydroascorbic acid as 
well as the reduced ascorbic, acid promotes an oxidized flavor. However, the 
dehydroascorbic acid produces an oxidized flavor only in a buffered solution 
whereas the reduced ascorbic acid will promote the flavor in either buffered 
or unbuffered washed cream. The addition of 0.1 per cent KI prevented 
the development of an oxidized flavor in the washed cream when 210 mg. 
per liter of ascorbic acid was present. Buffering had no effect on this 
reaction. 

It seemed desirable to determine whether or not the concentration of 
dehj^droascorbic acid had any appreciable effect on the development of the 
oxidized flavor in washed cream. Accordingly, several concentrations were 
selected and set up in the same manner as those reported in table 1. The 
results are reported in table 2. An examination of these data reveals clearly 
that concentrations of dehydroascorbic acid from 210 to 21 mg. per liter 
will, in most cases, cause the development of an oxidized flavor in washed 
cream contaminated with copper. All trials w'ere made on buffered creams. 

An examination of the data in table 1 reveals that an oxidized flavor wras 
not developed in washed cream w’hen it contained 0.1 per cent KI, Since 
the strongest oxidized flavors were developed at concentrations of 40 to 100 
mg. of ascorbic acid per liter it seemed advisable to determine if the effect 
of potassium iodide in protecting against this flavor held throughout this 



1044 


W. CARSON BROWN AND PliOTD C. OLSON 




OXIDIZKD 151jAVOR IN MILK, XII 


1045 


raii^e. Accordingly, various concentrations of reduced ascorbic acid were 
tried in washed cream containing 0.1 per cent KI. The rcKSults of these 
experiments are shown in table 3. An examination of the data recorded in 
table 3 shows that in all cases containing 210 mg./l. ascorbic acid except two, 
the action of tlie potassium iodide was suflSeient to protect the washed cream 
against the development of oxidized flavor. At concentrations of 40 to 100 
mg. per liter of ascorbic acid, the oxidized flavor developed. This would 
appear to check with an earlier observation (8) that the strongest develop¬ 
ment of oxidized flavor occurred at these concentrations of ascorbic acid. 

Tlie protection of washed cream from the development of oxidized flavor 
by potassium iodide was unexpected. A partial explanation of this may be 
that the oxidation-reduction potential of hydrogen peroxide is much io\..,x 
than that of potassium iodide. The standard method of determination of 
hydrogen peroxide is to add potassium iodide; the hydrogen pe-Voxide liber¬ 
ates iodine wliiidi is then titrated with .sodium thiosulfate. This, however, 
does not explain why potassium iodide did not protect with 40 to 100 mg. 
j)er liter of ascorbic acid. It seemed desirable to determine if iiotassium 
iodide has the same effect on milk. Accordingly, a number of experiments 
were planned using various (ioncentrations of potassium iodide. Likowdse it 
W'as thought advisable to determine if potassium chloride and sodium bro- 
mitle had the same effect. In all the.se trials whole milk w^as used and vari¬ 
ous amounts of the salts in .solution were added to give the desired percentage. 
The .samples were stored and flavor determinations made in the same manner 
as the other experimental samples. The results are showm in table 4. These 
data reveal that 0.1 per eent KI in milk will protect against the development 
of metal-indiieed oxidized flavor. Lower concentrations give coiTe.spond- 
ingly low^er protection. Concentrations of 0.1 per cent potassium chloride 
or 0.1 per cent sodium bromide give at most only a slight reduction in the 
intensity of the oxidized flavor developed. 

The development of oxidized flavor in w^ashed cream by ascorbic acid, 
glutathione, liydrogen jieroxide, and dehydroaseorbic acid, in the presence 
of copper, lends additional circumstantial evidence to the view that an en¬ 
zyme is not involved in the development of oxidized flavor. To obtain 
further evidence on this point three samples of milk were obtained and 
treated in the same manner as the previous experimental samples except that 
the milk was pasteurized at a temperature not lower than 180° F. for 5 
minutes prior to the w’asiiing of the cream. A sample of the raw milk was 
saved prior to pasteurization and served as a control sample. The results 
of this study are shown in table 5. Examination of the data reported in 
this table shows that a strong cooked flavor was found in all the samples 
of milk pasteurized at 180° F. after three days. However, in the w^ashed 
cream a strong oxidized flavor was developed in all oases. Even wdieu cop¬ 
per was not added, the presence of the ascorbic acid in the washed cream 
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caused the development of the flavor in the limited number of eases studied. 
As enzymes are inactivated at high temperatures, these data show quite 
clearly that an oxidized flavor can be produced chemically without the aid 
of any enzyme and give furtlier evidence that no enzyme is involved in the 
production of an oxidized flavor. 

DIS(HJSSION OP RESULTS 

The results of this exiieriment indicate that botli ascorbic acid and dehy- 
droascorbic acid are capable of producing an oxidized flavor in waslied 
cream. In the case of dehydroascorbic acid it is necessary that the washed 
cream be buffered to control the pH since the flavor does not develop in 
strongly acid solutions. A review^ of the literature indicates that theoreti¬ 
cally both the reduced ascorbic acid and the dehydroascorbic acid are capable 
of causing the development of oxidized flavor. Tiiis was found to occur 
under the conditions of this experiment. Likewise, it was found that the 
addition of 0.1 per cent potassium iodide to milk was sufficient to prevent 
the development of an oxidized flavor and that lesser amounts inhibited the 
flavor development to a lesser degree. Neither potassium chloride, nor 
sodium bromide were found to be as effective as potassium iodide. No com¬ 
plete explanation for this effect is evident at the present time.^ 

A study of high temjierature pasteurization reveals that the sulfhydryls 
are contained in the plasma portion of the milk and are removed sufficiently 
when cream is washed so as to render the cream susceptible to the develop¬ 
ment of oxidized flavor with ascorbic acid. This would indicate that no 
enzyme is involved in the production of an oxidized flavor. 

CONCLUSIONS 

1. Washed cream fortified with ascorbic acid (210 mg. ])er liter) and 
contaminated with eopjier develops a strong oxidized flavor. 

2. Washed cream fortified with dehydroascorbic acid (40 to 200 mg. per 
liter) and contaminated with copper develops a strong oxidized flavor when 
buffered, 

3. When w^ashed cream containing 210 mg. of ascorbic acid per liter is 
contaminated with copjicr tlie development of oxidized flavor is ]n'evented 
in most cases by a 0.1 per cent concentration of ])otassium iodide. 

4. When contaminated witli copper, susceptible milk containing 0.1 per 
cent potassium iodide does not develop an oxidized flavor. Lesser concen¬ 
trations of potassium iodide are ineffective in most cases. 

5. Pasteurization of milk at 180® F. for 5 minutes prior to washing of 
the cream does not affect the susceptibility of the cream to oxidized flavor 
when contaminated with copper. 

iBineo submitting this article for publication, Mapson, (Bioehcm. Jour. 35: 1332-53, 
1941) has shown that halides have a protective action on the oxidation <»f ascorbic acid in 
the order I > Br > Cl. lie attributed the protective action to a copper halide complex ion. 
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THE EFFECT OF OXYTOCIN ON MILK AND MILK 
FAT SECRETION^ 


J. C. SHAW 

Df'parUncni of Dairy Industry, Storrs Agricultural Experiment Station, 

Storm, Connecticut 

It was demonstrated previously that there was a marked decrease in the 
uptake of blood fat by the mammary gland immediately following milking, 
after which the fat utilization gradually increased (2). That the distension 
of the alveoli was necessary for the normal passage of fat into the gland w^as 
indicated by a number of experiments in which one half of the udder was 
milked out and the other half left distended with milk; arterio-venous blood 
samples for fat analysis were then drawn simultaneously from both sides and 
it was found that while the distended half used the normal amount of blood 
fat, the half milked out used little or no blood fat. The actual removal of 
the milk from the gland and not the ‘‘letting down” of milk was therefore 
responsible for the decrease in the utilization of blood fat. 

From the above it appeared that by removing the milk from the gland at 
frequent intervals it should be possible to retard the passage of blood fat 
into the gland sufficiently to decrease the amount of fat secreted by the 
gland. Data are presented in this paper on the results of such a study, in 
which oxytocin was used to get complete ejection of milk at each milking. 
In addition, since oxytocin is being used as an aid in obtaining milk under 
certain experimental conditions, as in the case of the perfused gland (1), a 
study was made of the effect of ox>i:ocin upon normal milk and fat produc¬ 
tion when injected at regular milking intervals. 

EXPERIMENTAL 

In the following studies obstetrical pituitrin was used to obtain complete 
ejection of milk from the gland and will be referred to as oxytocin. 

The effect of oxytocin injections at regular milking intervals is shown in 
figure 1. The total milk and fat production is shown during a preliminary 
period of seven days, during a nine-day experimental period, and for seven 
days following the experimental period. During tlie nine-day experimental 
period the cow was milked normally twice each day. Immediately follow¬ 
ing each milking 10 I.U. of oxytocin were injected intravenously and the 
residual milk obtained. The milk drawn normally and the residual milk 
obtained with oxytocin were tested separately for fat. It will be noted that 
with the exception of the first day of oxytocin injection and the day after 

Beeeived for publication June 10, 1942. 

1 Presented before the American Dairy Science Assn., Eastern Division, September 
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Fio. 1. The effect of oxytocin injections at regtilar xnilkiiig intervals upon milk and 
milk fat production. 

the last injection of oxytocin the total milk and fat production was not 
significantly affected by the oxytocin. The increased production of milk 
and fat on the first day was due entirely to the residual milk obtained with 
the first injection of oxytocin. The drop in production on the day following 
the cessation of oxytocin injection was due to the failure to obtain the 
residual milk on the first milking following the last injection of oxytocin. 
The amount of milk and fat actually secret(»d during the period, therefore, 
was not significantly changed by the use of oxytocin. During the nine-day 
period of oxytocin injection the normally drawn milk was lower in fat than 
during the control period, testing 5.24 per cent as compared to a normal of 
5.72 per cent. However, the residual milk averaged 9.45 per cent so that the 
total milk obtained during the period of oxytocin injection did not differ 
significantly in fat per cent (6,69) from the milk obtained during the control 

TABLE 1 

Effect of milking at short intervals with the aid of oxytocin vpon total milk and milk 

fat production 
(Average of four cows) 



Milking 

interval 
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period 

Milk 

produc¬ 

tion 

Pat 

produc¬ 

tion 

Per cent 
of fat 
in milk 




lbs. 

lbs. 


Preliminary period 
(normal milking) . 

12 hours 

24 hours 

26.65 

1.23 

4.62 



(S^-day 

average) 




Experimental period 
(10 I.II. of oxytocin 






at eaeli milking). 

2 hours 

24 hours 

26.22 

1.06 

4.04 
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period. During the period of oxytocin injection the first drawn or ‘‘initial’^ 
milk and fat decreased but was compensated for by an increase in the 
amount of residual milk and fat. 

Four cows were milked at intervals of two hours for periods of from 30 
to 40 hours. Ten I.U. of oxytocin w^ere injected intravenously preceding 
each milking. The data are summarized in table 1. The first two milkings 
are not included in the averages as they were usually abnormally high in 
fat content due to the residual milk and did not represent the actual secre¬ 
tion during the period of oxytocin injections. The average production of 
the four cows during a 24-hour period in which the cows Avere milked every 
two hours is compared with the average daily production of these cows 
during a preliminary period of three days. 



with the aid of oxytocin injections. 

It will be observed in table 1 that Avhile there was no marked reduction 
in the amount of milk produced during the experimental period, there was 
a decrease in the average fat production. This decrease occurred in each 
of the four cases under observation and ai eraged 13.8 per cent, whereas total 
milk production decreased only 1.6 per cent. 

The detailed data on one of the animals, which is typical of the group, 
are presented diagrammatically in figure 2. The milk and fat production 
at two-hour intervals over a period of 34 hours is compared with the expected 
two-hour jiroduction on the basis of the previous three-day production. 
Following the first two injections of oxytocin the milk production at two- 
hour intervals varied less than seven per cent from the expected two-hour 
production in a period of 30 hours. The total milk production in the 30-hour 
period was identical with the rate of milk secretion during the three-day 
preliminary period. The fat production during the 30-hour period was 
11.0 per cent less than the rate of fat production during the three-day pre¬ 
liminary period. 
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The varioxis fat constants were determined on the butterfat obtained 
from the animal represented in figure 2 at four intervals during the 34-hour 
period, a composite being made of every four milkings in order to obtain 
sufficient fat for analysis. The Polenske and saponification values were 
not affected. The Beichert-Meissl value decreased during the first eight 
hours from 31.7 to 28.5 and remained at that level. The iodine value de¬ 
creased from 30.1 to 21.6 during the first eight-hour period, declined to 21.3 
during the second eight-hour period, and then increased to 27.8 and 28.5, 
respectively, during the next two eight-hour periods. The iodine values 
were also determined on the fat samples from two of the remaining three 
animals. In one ease there was no appreciable change, while in the other 
there was a decline within 10 hours from 40.1 to 37.8. The reason for these 
variations is not apparent. 


DISCUSSION 

The finding that oxytocin does not inhibit milk secretion is not in agree¬ 
ment with the conclusion reached by Turner and Slaughter (3). However, 
the data presented by these workers are believed to indicate incomplete 
milking following the injection of oxytocin, due partially to the storage of 
residual milk during the subsequent milkings, rather than inhibition of milk 
secretion. A certain amount of residual milk is always present in the 
mammary gland following normal milking. When this milk is removed 
by the use of oxytocin the next milking is usually deficient by that amount 
unless oxytocin is again used, as some of the milk normally obtained at that 
time will be stored as residual milk. 

Milking with the aid of oxytocin at intervals of two hours demonstrated 
that the rate of milk secretion is extremely constant and is not influenced 
by the removal of the milk^rom the gland. The decrease in milk fat secre¬ 
tion when the gland was milked out at short intervals can be explained on 
the basis of previous work (2), showing that the removal of milk from the 
gland decreases the uptake of blood fat. However, the decrease was not as 
large as might be expected on the basis of this work. Possibly the storage 
of fat within the glandular tissue was sufficient to supply most of the fat 
needed for normal fat secretion. 

CONCLUSIONS 

1. The injection of oxytocin at regular milking intervals did not affect 
the normal milk or fat secretion. 

2. Milking at two-hour intervals with the aid of oxytocin did not affect 
total milk production but decreased milk fat secretion 11.0 per cent in 24 
hottra, probably by inhibiting the passage of blood fat into the glandular 
tissue. 



EFFECT OF OXYTOCIN ON MILK AND MILK FAT SECRETION 1055 


3. The rate of milk secretion from hour to hour is comparatively constant 
and is not changed by the removal of milk from the gland at regular milking 
intervals or at shorter intervals of two hours. 
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THE ERADICATION OF BOVINE TUBERCULOSIS* 


E. G. HASTINGS 

Department of Agricultural Bacteriology, Vniversily of Wiaconsinj 
Madison, Wisconsin 

THE FIBST TWENTr-FIVE YEARS OP THE EFFORT 

The attempt to eradicate tuberculosis from the cattle of this country took 
definite shape in 1917. It has touched most intimately the producers of 
milk since from their herds f?reat numbers of cattle have been removed for 
slaughter. It has also been of interest to all those using milk as a raw mate¬ 
rial in dairy manufacturing since the healthfulness of the products is in¬ 
volved. It was thought that a review of the accomplishments of the quarter 
century and the indication of some of the conditions revealed in the work 
might be of interest to students of dairying. 

On December 31,1940, the Secretary of Agriculture made, in a radio ad¬ 
dress, the following statement: ‘‘Twenty-three years ago veterinarians be¬ 
lieved as a result of research that tuberculosis of cattle could be stamped 
out in this country. This year their belief was completely vindicated. 
Tuberculin testing of cattle has now been completed in every county. The 
United States is now practically free of bovine tnhcrculosis/^ 

The Secretary of Agriculture was referring to the fact that in 1940 the 
entire country had reached the modified accredited status, i.e., an area, 
usually a county, in which less than 0.5 per cent or five per 1000, of all 
animals tested react positively to a diagnostic dose of tuberculin. 

The period of research to which the Secretary indirectly refers started 
in 1893-94, when the first tuberculin tests wTre made in this country. The 
research showed the value of tuberculin as a diagnostic agent for tubercu¬ 
losis ill the bovine and it also yielded the intradermal test without which 
the country-wide testing would have been impossible, since the original 
subcutaneous test would have been prohibitorily expensive. The period 
wds also one of education of farmers as to the economic significance of the 
disea.se, of medical men as to the probable relation of bovine tuberculosis to 
tuberculosis in man, and of the general public to the same realization. Thus 
by 1917 the public was in S 5 mipathy with the use of public funds for the com¬ 
pensation of farmers whose cattle were found tuberculous. The farmers, 
having been convinced of the continued tax the disease placed on them, wwe, 
in large part, willing to submit their herds to examination and to bear a part 
of the loss incurred from the slaughter of reacting animals. An appropriate 
tool for diagnosis was available. Thus the stage was set for the great co- 

Beceived for publication June 12, 1942. 
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operative endeavor by the Federal Government, represented by the Bureau 
of Animal Industry, and by the various state agencies responsible for live¬ 
stock sanitation. 

The effort is unquestionably the 'world’s greatest in the field of disease 
eradication in the case of the domestic animals and possibly in all disease 
eradication. The plan was well conceived and the effort has been well sus¬ 
tained for a quarter of a century. 

It seems proper to now review the work, to evaluate the results, and to 
view the problems of the future, since the task is not completed. The itali- 

TABLE 1 

TvberevUn testing under accredited-herd and area plans, 1917-41 


Year ended June 30 

Cattle tested 

Beactors found and removed 


Number 

Number 

Per cent 

1917 

20,101 

645 

3.2 

1918 . 

134,143 

6,544 

4.9 

1919 

329,878 

33,528 

4.1 

1920 . 

700,670 

28,709 

4.3 

1921 . 

1,366,358 

53,768 

3.9 

1922 . 

2,384,236 

82,569 

3.5 

1923 . 

3,460,84» 

113,844 

3.3 

1924 . 

5,312,364 

371,559 

3.2 

1925 . 

7,000,028 

214,491 

3.1 

1926 . ... 

8,650,780 

323,084 

3.7 

1927 . 

9,700,176 

285,361 

2.9 

1928 . , . 

11,281,490 

262,113 

2.3 

1929 . 

11,683,720 

206,764 

1.8 

1930 . 

12,845,871 

216,932 

1.7 

1931. 

33,782,273 

203,778 

1.5 

1932 . 

13,443,557 

254,785 

1.9 

1933 . 

13,073,894 

255,096 

2.0 

1934 . 

15,119,763 

232,368 

1.5 

1935 . 

25,237,532 

376,623 

1.5 

1936 . 

22,918,038 

365,496 

0.7 

1937 . 

13,750,308 

94,104 

0.7 

1938 . 

14,108,871 

89,359 

0.6 

1939 . 

11,186,805 

60,338 

0.5 

1940 . 

12,222,318 

56,343 

0.5 

1941 . 

12,229,499 

40,702 

0.3 

Total . 

241,943,522 

3,808,903 

3.6 


cized words in the quotation from the Secretary of Agriculture appear 
underlined in the official mimeographed release of the broadcast. It is cer¬ 
tain that no one familiar with the work believes that the disease is com¬ 
pletely eradicated, but rather believes that much effort and money must 
still be expended beforejthe “mopping up” is completed. The extent and 
nature of the “mopping up” operations are questions of present significance. 

The incidenee of the disease reveaiefi by the country-wide test was not 
as high as had been predicted from the preceding tests made in the areas 
in which, because of the length of time mvolved and the frequency of change 
in the herds by sale and purchase of animals, the disease had had much 
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greater opportunity to spread than in the usual herd or area. The findings 
emphasize the slowness with which bovine tuberculosis spread in the early 
years of the cattle industry of the country and indicate that a rapid increase 
from still unrevealed foci will not occur and that the apprehension of some 
regarding the recrudescence of the disease is not well founded. The record 
of Marathon County, Wisconsin, is evidence of this view. The dairy in¬ 
dustry was well established therein by the beginning of the century, but 
when the first complete test of the 103,000 cattle was made in 1926, the inci¬ 
dence of reactors was but 0.53 per cent, a level not much above that of the 
entire country after 25 years of intensive effort. 

The complete record of the eradication effort is presented in table 1, 
taken from the report of the Chief of the Bureau of Animal Industry for 
1941. It should be remembered in connection with the data as to reactors 
that much of the testing in 1917-20 was in areas in which much testing had 
been done before 1917. It is estimated that nearly $300,000,000 of public 
funds have been spent in the effort, to which must be added the cost to the 
farmer. If one can judge from the experiences of England, in which the 
incidence of tuberculosis in cattle is over 40 per cent, the expenditure made 
is well worth while since, without the eradication program, the incidence in 
this country would have undoubtedly reached the English level at some 
future time. Indeed it had done so in certain areas in this country by 1920. 
The present generation has, in reality, purchased health and insurance 
against economic loss for future generations as regards bovine tuberculosis. 

Certain states reached the stage characterized by the Secretary of Agri¬ 
culture as practically free of bovine tuberculosis over a decade ago; others 
more recently. The data regarding these states are presented in Table 2, 
compiled from the monthly reports of the Bureau of Animal Industry. This 
record is that after the date of accreditation and should give some preview 
of the future record.^ The record of certain states and counties shows that 
the time and effort demanded to reduce the incidence of reactors from a verj’' 
high level to a low one is much less than to reduce the incidence from a low^ 
level to one falling much below the modified accredited level of 0.5 per cent. 

The data for New York, accredited in 1935. and for California, accredited 
in 1940, are as follows : 

New" York 


Animals tested Ifeactors per 1000 tested 


1930 . 1,199,987 43.0 

1934 . . 1,938,579 80.0 

1936... 2,075,444 5.4 

1940 . 1,363,237 4.9 

1941 . 1,291,207 3.9 


1 The data for 1937 arc not given since tho record of that year was not available to 
the writer. 
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California 



Animals tested 

JReaetors per 1000 tested 

1935 . 

961,121 

86.0 

1936 . 

1,586,769 

35.0 

1940 . .. . 

1,571,313 

6.8 

1941 . 

1,401,230 

6.4 

same point is made evident by the record of two counties in Wisconsin, 

Kenosha County 


Year 

Reactors per 1000 

Original complete test 

. .. 1927 

398.0 

Second complete test 

1929 

6.6 

Third complete test 

1932 

7.7 

Fourth complete test 

1934 

5.6 

Fifth complete test . 

1937 

Maratuon County 

1.0 

Original complete test 

1926 

5.3 

Second complete test 

1929 

1.8 

Third complete test 

3932 

1.9 

Fourth (tomplete test 

1938 

0.8 


The states, the records of which are presented in table 2, represent both 
the north and the south, great dairj" states such as Wisconsin and Michigan 
in which the herds are large and in which the cattle are stabled for a large 
part of the year, and other states in which the herds are small, the animals 
stabled only for short periods and probably the herds less subject to change 
by sale and purchase than the herds of the intensive dairy areas of the north. 
The sample used in table 2 would seem to be a fair one of the entire country 
and the record of the states included in table 2 one which will later be dupli¬ 
cated by other states. 

In 1917 the dominant idea, indeed the only idea, was that the sensitiza¬ 
tion of the bovine to tuberculin was always occasioned by the bovine tubercle 
bacillus, the organism that can and does cause progressive and fatal tubercu¬ 
losis in the bovine. It was, therefore, concluded that every reacting bovine 
is a focus from which tubercle bacilli are passing or may, at some future 
time, pass to the bovine associates of the reacting animal, to swine and to 
humans. The removal of every reacting animal for slaughter was, therefore, 
fully justified, and as is shown in table 1, 3,808,903 animals were removed 
and slaughtered in the period 1917-1941 inclusive, a number equal to about 
7 per cent of tlie total number of cattle in the country at any one time. 

This supposition had another implieation; namely, a reasonable hope 
that, within a period of years, all sources of infection would be removed, the 
foci fiiom which the organism could pass to still healthy cattle would no 
longer exist, and no further reactors would be found. The end of the road 



THE ERADICATION OP BOVINE TUBEKCtTIiOSIS 


1061 


s 

■< 

B 




1062 


E. G. HASTINGS 


would have been reached. The only obstacle in the way seemed to be the 
tuberculous animal, the skin of which was not sensitized to tuberculin by 
the growth of the bovine tubercle bacillus in its tissues, or again the animal 
the tissues of which had been made insensitive to tuberculin, a condition 
possibly obtaining in far advanced cases of tlie disease. The latter type 
should pass from the herd by death or sale as a discard; the first type might 
continue in the herd, but not for a period much longer than a cow genera¬ 
tion, which is, in most dairy areas, not much over six years. The ease with 
which the incidence of bovine tuberculosis was reduced from a very high 
level to a low one is evidence that this type of animal cannot be an important 
factor in the persistence of reactors, the phenomenon illustrated by the data 
of table 2. 

Other evidence of the hope that a definite stopping place would be 
reached was the attitude toward the reacting animal that showed no evidence 
of tuberculosis on post-mortem examination. The expression first used to 
refer to such animals was no-lesion later changed to ** no-visible-lesion. 
The latter seemed proper since it was thought that all such were tuberculous, 
but that for one reason or another the lesions were not detected. Evidence 
slowly accumulated to show that the matter was not so simple as had been 
earlier thought. In those areas in which the disease had reached a high level 
of incidence, one would expect to find only few of the no-visible-lesion ani¬ 
mals among the reactors, while in the areas of low incidence they would form 
a larger part of the reacting group. In the repeated tests of the cattle of 
any area, the foci from w^hich bovine tubercle bacilli could spread were being 
removed. Indeed the evidence points to very complete removal of such foci. 
This would tend toward the elimination of the type of cases thought earlier 
to be responsible for the no-visible-lesions. 

If, however, one admits that a bovine may be sensitized to tuberculin by 
some relative of the bovine tubercle bacillus not able to produce a progressive 
type of disease, the record presented in table 2 seems to make sense, but does 
not make sense on the basis of the prevalent ideas of 1917. The incidence of 
the reactor in Wisconsin in 1941 is not much less than in 1935; in Michigan 
the value for 1941 is greater than that for 1932. The records of the other 
states seem to offer more hope of reaching the final goal of no reactors, no 
more testing, and no more expense to government or to individuals. Now 
and then the record of a state indicates the near approach to the desired goal 
of no reactors. Thus, in Arkansas in the 3-year period, September 1938 to 
October 1941, no reactors were found in approximately 55,000 cattle. In 
October 1941 one reactor was found, and in November two. In other states 
a greater number of animals have be4n tested without a reactor than in 
Arkansas, but in most cases the goal seems from the present record unattain¬ 
able, ^at least if pr^ent methods continue to be used. The desired goal is 
freedom from tuberculosii caused by the bovine tubercle bacillus, not what 
was once thought to be the same goal, no reactors to tuberculin. 
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All now agree that the avian tubercle bacillus can and does sensitize 
bovines to the usual tuberculin used in this country, made with the human 
tubercle bacillus. It is evident that if the goal of no reactors is to be reached, 
tuberculosis in farm poultry must be eradicated. The report of the Bureau 
of Animal Industry for 1941 states that avian tuberculosis was found on 22 
per cent of 11,454 farms inspected in the midwestern and north central 
states. The disease in poultry can be quickly and cheaply eradicated by 
proper management of tlie flocks. 

In most areas some of the reacting cattle show no internal lesions of 
tuberculosis, but do show lesions on the skin of the legs in which acid-fast 
bacilli can be found on microscopic examination. Earlier it was thought 
these were true bovine tubercle bacilli, but the inability to cultivate them 
on artificial media in numerous trials extending from 1930 to the present 
indicates that the earlier idea is no longer tenable. There is no reason to 
believe that this unknown organism is able to cause serious trouble in the 
infected animal, or is of significance in other relations. The ability of the 
organism to sensitize the animal to tuberculin and its resistance to cultiva¬ 
tion indicate the possibility that other similar organisms may occur in other 
regions of the body. 

The human tubercle bacillus has been emphasized as a possible sensitizing 
agent for cattle. Observations made both in the field and under experimen¬ 
tal conditions in Finland indicate that this agent is a disturbing factor in 
the attempted eradication of bovine tuberculosis in that country. There the 
final stages in the effort seem to be quite similar to those appearing in certain 
areas of this country. The conditions existing in this country are so differ¬ 
ent from those of Finland that even though the human tubercle bacillus may 
be significant in relation to the sensitization of cattle in Finland, it is not 
likely to be of like importance here. 

The acid-fast organism causing Johne’s disease in cattle and in sheep may 
also prove to be a confusing factor of significance as may other members of 
the group of bacteria of w^hich the tubercle bacilli are members. Such 
organisms are widely distributed in nature, especially in soil, on plants and 
in and on the animal body. Their constant occurrence in the fatty secre¬ 
tions of man is a well-known fact. 

The sensitization of man by other than the human and bovine tubercle 
bacilli, the forms pathogenic for man, is being recognized by the physician 
using the tuberculin test. He views the test as a sieve by which he can 
divide any group into two parts: the nonreactors which he can dismiss and 
the reactors which must be examined by x-ray and by other methods in order 
to determine whether the reacting individual is actually tuberculous at the 
moment, or that the present sensitization is due to a past infection with 
human or bovine tubercle bacilli that has been overcome or to some other 
and possibly harmless organism. 
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The present record of tliose states that reached the modified accredited 
status some years ago indicates that the record of the future will be much 
the same and that there is little hope of reaching the goal, i.e,, the time when 
no reactors would be found, which in 1917 seemed possible. It seems that 
some reactors will continue to appear and that testing must be continued. 

The question of continued slaughter of cattle is more difficult to answer. 
This should and must continue so long as seems necessary to safeguard the 
position won in the 25-year battle. The answer as to what is necessary to 
safeguard the present position cannot be given from present knowledge. 
There is no question but that some part of the cattle now removed for 
slaughter could be left in the herds without harm to the herd since the 
sensitization is due to the avian or to the human tubercle bacillus, or to some 
not yet cultivated member of the group. It is to be remembered that no 
one of these organisms is capable of causing death of the bovine or of reduc¬ 
ing its productive capacity or is of importance as regards the healthfulness 
of milk, since the organisms would not be excreted, even if present in the 
tissues. 

The fact that at least one of the agents sensitizing cattle to tuberculin 
has, to the present, resisted cultivation indicates that there may be others 
of like nature in the picture. The possibility also exists that the pathology 
of the infection may be diffuse rather than definite, thus making a micro¬ 
scopic examination for the organisms difficult. If the skin-lesion infection 
was diffuse rather than definite, it might not have been detected. These 
possibilities indicate the need of expanding the research in tliis field by other 
methods than have been commonly used; namely, gross and microscopic 
pathology and cultural methods either in vivo with experimental aniiaals 
or in vitro. Feldman has recently reported his findings on 101 reacting 
animals removed from 99 herds. They indicate that 77.2 per cent were not 
infected with the bovine tubercle bacillus. Even those that had been classed 
as showing lesions on post-mortem examination were in 12 out of 44 cases 
infected with a sensitizing agent other than any of the types of tubercle 
bacilli. 

The reacting animal itself must be studied as to its future conduct in the 
environment in which it was discovered or in a changed environment. It 
must be kept to write its own record. Will it continue to react if removed 
to another environment, thus breaking the connection between the animal 
and the source of the sensitizing agent, which must be constantly supplied 
if the sensitization is necessarily to persist? Thus, cattle can apparently 
be kept sensitive to the avian tubercle bacillus only by constant association 
with tuberculous birds, and it has eren been shown that some humans that 
have recovered from tuberculosis lose the sensitivity to tuberculin when they 
are not constantly associated with other tuberculous individuals, and retain 
it when the association is continued. The greatest information would be 
gained by allowing all reacting animals to remain in the herds when a 
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definite history of infection with the bovine type is not established. Such 
trials must be on an experimental basis in certain selected areas. The plan 
involves research on the farm and of course must jirovide for the payment 
of all costs and damafi^es suffered by the owner of the herd. The trials 
should be sufficiently numerous and comprehensive to indicate the relative 
safety of using the information thus secured to contradict that supplied by 
the tuberculin test in much the same manner as the radiologist uses the 
information gained by x-ray or fluoroseope to confirm or to contradict the 
tuberculin test in man. The reports as to the number of cattle tested each 
month in the different states, and as to the number of instances in which 
“no reactors found** supply data indicating the rate of progress toward the 
goal of “no reactors.’* 



Trials 

Trials in which no reactors found 

1938 

601 

78 

13 per cent 

1939 

591 

80 

13 

1940 

594 

92 

15 

1941 

593 

94 

15 “ 


Thus, out of 601 trials no reactors were found in 78 instances in 1938. The 
data indicate the slowness of the progress toward the goal of no reactors. 
Indeed, whatever progress is indicated by these data may be offset by the 
reduction in number of animals tested in any area in any month. Reactors 
are more likely to be found if many animals are tested than if few are tested. 
There has been a marked decrease in the frequency of testing all the cattle 
in certain areas. Thus, in Wisconsin there was a six-year interval between 
the third complete test and the fourth in the case of Marathon County and 
over four years between the fourth complete test in Kenosha County and 
the fifth. There seems to be no question concerning the wisdom of gradually 
lengthening the interval between examinations of all cattle in any area. 

The hesitancy of those in control of programs related to human and 
animal sanitation toward the modification of these programs is commendable, 
and it is probably too much to expect that modification will be suggested by 
those actively engaged in the effort. Every such program at some time 
requires adjustment to the new conditions revealed by the program in action. 
Thus the program related to yellow fever is not now that of a decade ago 
because the old program in action revealed that yellow fever is not a disease 
of man alone transmitted by a specific mosquito alone, but that the causal 
organism has other foci than man and other vectors than the specific mos¬ 
quito. The old must be supplemented or modified by the new and unless 
this is done in the field of bovine tuberculosis, it seems that the next decade 
wiU see the possibly unnecessary expenditure of public money and the pos¬ 
sibly unnecessary slaughter of cattle. The situation demands, as Feldman^ 
suggests, the re-examination of the question as to the possibility of other 
agents than tubercle bacilli sensitizing cattle to tuberculin. 

2 Amer. Jour. Vet. Bee., 3: 3-9, Jaxiuar 3 % 1942. 
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ABSTRACTS OF LITERATURE 

BOOK REVIEW 

394. Outlines of Food Technology. Harby W. von Loesbcke. Beinhold 
Publishing Corporation, 330 W. Forty-Second Street, New York 
City. 15 chapters plus index, 485 pages; $7.00. 

This book was intended as and is an outline of the more important 
processes for preparing and preserving food products. While extended 
specific details of processing have been omitted, in most cases the pre¬ 
vailing important steps are cited. An excellent selected list of recently 
published references covering details of processing is provided with each 
chapter. The authenticity of the subject material is bolstered in that 
chapters were reviewed by authorities in food processing problems, repre¬ 
sented mostly by members of the U. S. Dept, of Agriculture of which the 
author is a member. Chapters of greater interest to the dairy industry 
profession are: The Tin Can and Glass Container, their manufacture, 
handling, sizes and application, defects, problems; Fruits and Their Prod¬ 
ucts, including selection, preparation, processing and packing of some 70 
fruit products; Dairy Products, including eggs; Edible Fats and Oils, 
including a short review on oleomargarine manufacture; Sugars and 
Starches; Nuts; Spices, Relishes and Essential Oils; Beverages, including 
cocoa, coffee and carbonated products and their flavoring materials. For 
many natural products the source of origin and characteristics are discussed. 
Other chapters are Canning of Vegetables; Meat, Meat Products and Poul¬ 
try; Fish and Shellfish; Grains and Their Products; Confectionery, Jams, 
Jellies, Preserves, including pectins; Storage and Marketing of Fruits and 
Vegetables; Preservation of Foods by Freezing. The chapter on dairy 
products does not, in view of the object of the text, provide those in the 
dairy industry with information not already available in standard dairy 
texts. Mention is not made of the continuous process of casein manufacture, 
nor of the production of dried whey. A few sections of the book are illus¬ 
trated with excellent photographs and a number of diagrams and drawings 
are used. The book is very readable, and descriptions of products and proc¬ 
esses are clearly presented. The real value of this book for those in the dairy 
industry, is in the clear, concise information of food products used in the 
manufacture of the many dairy products, and similarly the nature of some 
food products processes in which dairy products are employed. The text 
will be a useful reference book for dairy and food laboratories and plant 
executives. K.G.W. 
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BACTERIOLOGY 

395. Preliminary Bacteriological Study of Market Creams. Euzabbth 

D. Bobinton, Eabde K. Bobuan, and Fbibnd Lee MioEi>E, Bur. of 
Labs., Conn. State Dept. Health, Hartford, Conn. Jour. Milk 
Technol., 4 , No. 5 : 253. Sept.-Oct., 1941. 

In a survey made on 523 samples of market eream (both raw and pasteur¬ 
ized) using the direct microscopic group count and the agar plate count 
using incubation temperatures of 37® C. for 48 hours, 8® C. for 4 days and 
55® C. for 48 hours’, it was found that 45.6% of the samples failed to meet 
tentative standards (500,000 groups or colonies per ml.) by the direct micro¬ 
scopic count, 18.3% by the agar plate count incubated at 37® C. for 48 hours, 
24.4% by the agar plate count incubated at 8® C. for 4 days, and 1.9% by 
the agar plate count when incubated at 55® C. for 48 hours. 

From the results obtained it was concluded that more attention should 
be paid to the direct microscopic count, and that the standard agar plate 
count incubated at 37® C. for 48 hours should be supplemented by incuba¬ 
tion at 8® C. for four days. L.H.B. 

396. Sources of Hemolytic Enterococci Found in Milk. George E. 

Tttrneb and F. R. Smith, Div. Dairy Indus., Univ. Calif., Davis. 
Jour. Milk Technol., 4 , No. 4:183. July-Aug., 1941. 

In a study made to determine the possible sources of hemolytic entero¬ 
cocci, it is reported that the organisms were isolated from cow feces, water, 
soil and from the udder of an apparently normal cow. L.H.B. 

397. A New Microscopic Procedure for the Detecting and Locating of 

the Source of Thermoduric Organisms in MUk. W. L. Mallman 
AND C. S. Brtan, Mich. Agr. Expt. Sta., East Lansing, and Wiii- 
UAM K. Fox, Dept. Health, Lansing, Michigan. Jour. Milk Tech¬ 
nol., 4 , No. 4:195. July- Aug., 1941. 

A comparative study of the direct microscopic count with the agar plate 
count indicates that the direct microscopic count can be used to good advan¬ 
tage in determining the presence of thermoduric organisms in milk. 

Incubation of the milk at 58® to 60° C. for two hours destroys the non- 
thermodurle oi^anisms and causes their dissolution, leaving only the viable 
thermoduric organisms. 

The proposed test is as follows: 

1. “Place 5 to 10 ml. samples of milk suspected of containing thermo¬ 
duric bacteria in an incubator pf 58° to 60® C. Incubate for two hours. 
2. Make a microscopic count foOowing standard procedure. 3. Samples 
idiowing bacteria counts of 40,000 or more bacteria per ml. contain thermo¬ 
duric bacteria in ezecssive numbers.” L.H.B. 
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398. Inhibition of Micro-organisms by a Toxic Substance Produced by 

an Aerobic Spore-Forming Bacillus. H. Katznelson^ Sci. Serv., 

Canad. Dept. Agr., Ottawa. Canad. Jour. Res., 30, No. 3: Sec. C, 

169. Mar., 1942. 

A thermostable, diffusible substance produced by an aerobic spore-form¬ 
ing bacillus in potato dextrose medium was found to inhibit the growth of 
77 out of 81 species of fungi. The majority of streptococci, staphylococci, 
bacilli, lactobacilli and clostridia tested were suppressed. Gram negative 
organisms were unaffected. Soil, bentonite and activated charcoal adsorbed 
the toxic substance. The agent passed through cellophane, parchment and 
collodion, resisted autoclaving for 30-45 minutes at 15 lb., but was rapidly 
destroyed by heating in alkaline and less rapidly in acid solutions. The sub¬ 
stance has not yet been identified. O.R.I. 

399. Requisites for the Recognition of the Blue-green Pseudomonas. 

M. (1 Jameison, Univ. Manitoba, Winnipeg. Sci. Agr., 22, No. 7: 

401. March, 1942. 

Nutrient media, made with distilled water as stipulated by certain 
manuals, were found inadequate for the production of pigment character¬ 
izing bacteria of the Pseudomonas genus. This leads to inaccuracy and 
delay in the identification of these types. Tap water favored pigment pro¬ 
duction and investigation showed that this 'was due to its content of SO 4 , 
PO 4 and Mg. A nutrient medium was therefore formulated w^hich allowed 
pigment production and increased the ease of recognizing Pseudomonas 
organisms. 

An additional valuable aid in this recognition was the utilization of the 
property of fluorescence possessed by these types. Examination of colonies 
under strong purple and ultraviolet light was employed. Subsurface colo¬ 
nies must be allowed access to air before they show fluorescence, whi^h may 
be easily secured by puncturing the agar with a sterile needle. O.R.I. 

BUTTEE 

400. Distribution of Salt in Butter. A Volumetric Micromelhod. C. L. 

Ogg, I. B. Johns, W. H. Hoecker, and B. W. Hammer, la. State 

Col., Ames, la. Ind. Eng. Chem., Analyt. Ed., 14, No. 3: 285. 
1942. 

This micromethod for the determination of salt in butter was developed 
especial^ for the, analysis of small portions of a butter sample. The method 
was found to be especially useful in studying the effect of salt distribution 
on bacterial action in butter. An approximately 0.2-mg. portion of butter 
was carefully weighed, ashed and titrated with silver nitrate to determine 
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the silver chloride present. A reasonable degree of accuracy was attained 
in determining sodium chloride in small samples by this method but the salt 
content of a microsample was not representative of a whole churning of 
butter. Use of the method for the study of non-uniformity in other prod¬ 
ucts is suggested. For homogeneous materials it is a rapid and a precise 
method for chloride analysis. B.H.W. 

401. Chums and Churning—Old Facts and New Changes. F. H. Abbott, 

Univ. Calif., Davis. Canad. Dairy and Ice Cream Jour., 31, No. 3: 

32. 1942. 

Fat globules are sphere-shaped because of the force of surface tension. 
The factors tending to keep fat separated are: (1) viscosity of the liquid 
emulsion, (2) adsorbed material on the surface of the globule, and (3) the 
negative electric charge. To overcome these three forces some other force 
must be applied. In churning, this force is agitation, which causes collision 
of the globules, resulting in rupture of the material adsorbed on their sur¬ 
faces. The new information regarding the process of churning created a 
need for changes in chum design. The older types of chums were lacking 
in sanitary features. Difficulty was especially experienced when they were 
used in making sweet cream butter. The removal of roller workers from 
chums has led to improved sanitation. A trend in types is toward churns 
that work the butter from end to end. The greatest advantage claimed for 
metal churiu is their sanitary features. O.F.G. 

402. Dairy Developments in the Prairie Provinces. Pkrct Reed, Dairy 

Commissioner, Regina, Sask. Canad. Dairy and Ice Cream Jour., 

.80, No. 12:19. 1941. 

Production of butter in the three Canadian prairie provinces of Alberta, 
Manitoba and Saskatchewan has increased enormously in the last few years. 
These 3 provinces will produce more than 100 million lbs. of creamery butter 
and about 50 million lbs. of farm-made butter in 1941. The industry really 
became established during the terrible drought years between 1930 and 1939. 
Producers of butter must overcome two decided handicaps in competing for 
trade in eastern markets: first, that of storage with the consequent additional 
carrying charges, and secondly, transportation costs. The lack of wheat 
markets has been a factor in increased dairy production in these provinces. 
A continued increase is predicted. O.F.G. 

403. Studies on Surface Taint Butter. III. Some Further Character¬ 

istics of PeeudojkioiAfe putreiacietts. H. WoiiOCHOw, H. R. 

Tbobnton, Univ. Alberta, and B. 6 . Hood, Domin. Dept. Agr., 

Ottawa, l^i. Agr., S3, No. 7:438. Mar., 1942. 
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Cultural characteristics of Pseudomonas putrcfaciens are described. 
The strain investigated grew at 2° C. and 32° C. but not at 37° C. It did 
not survive 54.4° C. (180° F.) for ten minutes. Pleomorphism was dis¬ 
played by cultures in LiCl and NaCl broths and the colony shape was 
altered on nutrient agar containing gelatin. It was always gram negative 
and pigment production was limited to brownish white by reflected light. 

It did not show lipolysis but was markedly proteolytic when grown in 
skimmilk cultures. 

Hydrogen ion concentrations below pH 5.48 and above about 9.5 pre¬ 
vented growth but this varied with the medium. Eh values were quickly 
and markedly reduced in glucose broth. 

The action of this strain upon various sources of nitrogen and sulphur 
was also studied. Forty-one strains were tested in carbohydrate broths. 

It had been shown previously that this organism can produce acetic, 
butyric and isovaleric acids from skimmilk cultures. O.R.I. 

404. Developments in the Pasteurization of Churning Cream. E. L. 

Jack, Dairy Indus. Div., Univ. Calif., Davis. Jour. Milk Technol., 
5, No. 1:44. 1942. 

Enzymes are probably the most important agents in the spoilage of 
butter, and our pasteurization standards should be based upon the treatment 
necessary to inactivate the enzymes which may be present in the cream. The 
inactivation of some enzymes requires temperatures of 175 to 180° F. This 
is higher than that required for bacterial destruction. 

In a discussion of some of the methods used for pasteurization the rela¬ 
tive merits or disadvantages of each are given. 

In the steam injection systems, subjected to vacuumization, it is possible 
to secure high temperatures for a short period of time, so that enzymes are 
inactivated, and at the same time there need be no excessive cooked flavor. 
To prevent this it is essential to protect the cream from direct contact with the 
steam jets by means of bafiBes. Partial homogenization, which is another 
detriment to be guarded against in this system, can be avoided by using a 
two- or three-stage vacuum treatment. 

For definite inactivation of enzymes a minimum temperature of 185° F. 
for instantaneous heating, or 165° F. for 30 minutes should be attained, 
although it is possible that this temperature may be low for some of the more 
resistant enzymes. L.H.B. 

CHEESE 

405. Starter—in Relation to Cheddar Cheese Yield. E. G. Hood and 

C. A. Gibson, Dept. Agr,, Ottawa. Canad. Dairy and Ice Cream 
J’our., 21^ No. 3: 24, 1942. 
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Lack of agreement appears to exist in the literature as to the role of 
starter in relation to the yield of cheese. In controlled experiments when 
cheese was made with 3% starter in contrast to natural ripened milk, it was 
found that the starter was incorporated in the cheese when yield was deter¬ 
mined on the basis of weight adjusted to the same moisture content. The 
losses of protein in whey were no greater in comparative vats made with 
3% starter and from natural ripened milk. No significant differences were 
found in the quality of the cheese made in the two ways. O.P.G. 

406. A Review of Tests of Interest to the Cheesemaker. 0. B. Irvine, 

Ontario Agr. Col., Guelph, Ontario. Canad. Dairy and Ice Cream 

Jour., 50, No. 9:25. 1941. 

The premiums now being allowed for quality are an inducement to 
employ every possible means to ensure high quality cheese. The color 
developed in the resaxurin test may be interpreted in terms of bacteriological 
quality of milk as follows: blue grey, good; lavender shades, fair; pink, 
poor; white, very poor. The Stormy fermentation test is designed to detect 
milk containing spore-forming bacteria. The B-C-P rennet test is designed 
to dete<‘t abnormal pH and milk which fails to clot. This test is of value 
only in testing milk from individual cows. The Gould rapid moisture test 
for cheese is described. O.P.G. 

CHEMISTEY 

407. Pyrolysis of Lactic Acid Derivatives. Conversion of Methyl a-Ace- 

toxyproprionate to Methyl Acrylate. Lee T. Smith, C. H. 

PisiiER, W. P. Ratchford, and M. L. Pein, Eastern Regional Res. 

Lab., U. S. Dept. Agr., Philadelphia, Pa. Ind. and Eng. Chem., 

Ind. Ed., 34, No. 4 : 473. 1942. 

The lactose in whey and other carbohydrates may be converted into 
lactic acid and thence to acrylic esters and finally to acrylate resins. 
Methyl a-acetoxypropionate may be converted by pyrolysis to methyl 
acrylate and acetic acid. The effect of temperature, contact time, and 
various contact materials was determined. It was possible to convert 
virtually all of the methyl acetoxypropionate into methyl arcylate and acetic 
acid at temperatures above 550“ C. B.H.W. 

408. Ethyl Alcohol from Fementation of Lactose in Whey. H. H. 

Browne, Div. Dairy Res. Labs., Bur. Dairy Indus., U. S. Dept. 

Agr., Washington. Amer. Chem. Soc. Jour., News Ed., 19, No. 22: 
127L 1941. 

« 

Data are presented on the fermentation of lactose in whey by 4 differ¬ 
ent yeasts obtained from the American Type Culture Collection and by 4 
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Kefir yeasts isolated in the author’s laboratory. A considerable difference 
was noted in the fermentation rates of these yeasts under the test conditions 
used. The highest yield, approximately 80% of theoretical, was produced 
by Torula cremoris. The mash was prepared by adjusting cheese whey to 
pH 4.5 with sulfuric acid, boiling and filtering it. The yeast culture to¬ 
gether with 0.013% (NH 4 ) 2 S 04 was added. After a fermentation period 
of approximately 24 hours the mash was distilled until about 25% of the 
original volume had come over. This distillate contained approximately 
14% alcohol by volume and was redistilled. The economic practicability 
of the process is discussed. B.K-W. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

409. New Fibre, Made from Cow’s Milk, Used in Textile Manufacturing. 

Anonymous. Jour. Milk Technol., 4, No. 6: 343. Nov.-Dee., 
1941. 

A description is given of the manufacturing process for making ‘‘Aralac” 
as employed by the National Dairy Products Corporation at Taftville, Con¬ 
necticut. The plant has a capacity of about 5,000,000 pounds a year. 

Most of the fur-felt and wool-felt hats in the TJ.S., Canada and South 
America are today being made in part with cow’s milk. L.H.B. 

DISEASE 

410. Mastitis and the Plate Count of Milk. 1. A Quantitative Study of 

the Growth of Streptococcus Agalactiae in Various Plating 
Media. Max E. Morgan, E. 0. Anderson, and W. N. Plastridge, 
Depts. of Dairy Indus, and Animal Diseases, Univ. Conn., Storrs, 
Conn. Jour. Milk Technol., 4, No. 5; 245. Sept.-Oct., 1941. 

In order to determine the growth promoting properties of various media 
for Str. agalactiae, a series of 20 freshly isolated cultures of the organism 
were grown in milk and then were plated in four different media, namely: 
(1) 6% oxblood agar, (2) Edwards’ crystal \dolet aesculin oxblood agar, 
(3) the new standard medium and (4) the old standard medium. It was 
found that the blood agars supported more colonies than did the agars 
containing no blood. There was no significant difference in the growth- 
promoting ability of the plain oxblood medium and Edwards’ medium. 
Neither was there any significant difference in this respect between the 
new and the old standard media. However, the mean exposed area of the 
colonies on the new standard medium was 420.3% larger than the mean 
exposed area of the colonies on the old standard medium. Thus, on the 
new standard medium the colonies of Sir, agalactiae were large enough so 
that they would not be classified as ‘‘pinpoint” colonies. Jj.H.B. 
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411. A Discussion of Mastitis. H. L. Davis, W. H. Kimmbr, and J. A. 

Anderson, Filter Products Div., Johnson and Johnson, New Bruns¬ 
wick, N. J. Jour. MUk Technol., 5, No. 1: 18. Jan.-Peb., 1942. 

A “footnote” concerning this paper as published gives an abstract of 
its contents and was as follows: “This paper attempts a constructive survey 
and review of some recent work, and presents concepts of the cause, cure, and 
prevention of mastitis. It is presented as a service to the dairy industry, 
whose cooperation with veterinarians will hold this disease under control.” 

A number of tests for detecting mastitis are discussed, and it is con¬ 
cluded that although each of them has certain advantages, none can be relied 
on to give a positive answer on only one sample of milk; it is necessary to use 
repeated testing. 

It is concluded that mastitis is a preventable disease, and that recent 
tests indicate that it may soon be classed as curable. L.H.B. 

412. Report of the Committee on Communicable Diseases Affecting Man. 

Intematl. Assoc. Milk Sanit., Horatio N. Parker, Chm. Jour. 
Milk Technol., 4, No. 4 : 223. July-Aug., 1941. 

There were 42 disease outbreaks in 1938 in the U. S. Eighty per cent 
of the outbreaks were in communities of less than 5,000, and only one in a 
community of 100,000. 

Only one outbreak was attributed to pasteurized milk, and in this case 
it was reported that the pasteurizer had broken down. L.H.B. 

413. The Control of Mastitis. L. E. Bober, Babsou Bros. Co., Chicago, 

Ill. Jour. Milk Technol., 4, No. 3:152. May-June, 1941. 

A program for herd management to combat mastitis is given. 

Instances are given in which such a program has been very beneficial in 
controlling the disease. 

The fundamental rules suggested are: 

1. Detection of infected cows by chemical, physical and bacteriological 
tests. 2. Segregation, isolaticm or sale of infected cows, depending on 
economic factors. 3. Prevention of injury, strict hygienic care in milk¬ 
ing and bam conditions, and a feeding program to foster the highest degree 
of health and resistance. 4. Testing all new additions to the wiillriTig herd 
before placing them in the herd. L.H.B. 

414. A Milk-bortu Typhoid Outbreak Traced to Dairy Water Supply. 

T. B. Meter, Bosemart Phillips, H. E. Lind, and Leonard M. 
Board, H^lth Comn., Dirs. of Nursing, Lab., and Sanit. Divs., St 
Louis County (Mo.) Health|D^t, Clayton, Mo. Jour. Milk Tech- 
noL, 4, No. 8; 123. May-June^ 194L 

The dairy involved had,previously produced milk for a St Louis 
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but because of failure to comply with the provisons of the City Health Dept, 
had had its permit revoked about two years previous to the outbreak. The 
sale of raw milk rest!ilted at the farm, with customers furnishing their own 
containers which were frequently rinsed with water at the milk house. 

The typhoid fever outbreak resulted in 26 cases in 10 families and was 
traced to this small cash and carry raw milk dairy. The dairy water supply 
(a cistern) was established as the source of infection. Samples of the 
water contained B. typhosus organisms. L.H.B. 

415. Diseases and Ailments of Dairy Cattle with Which a Milk Inspector 
Should be Acquainted. Andeew W. Uben, Vet. Dept., Univ. Mo. 
Jour. Milk Technol., 5, No. 1: 48. Jan.-Feb., 1942. 

A brief discussion is given of the various diseases which may be trans¬ 
mitted from the cow through the milk. Examples are cited in some in¬ 
stances. L.H.B. 


FEEDS AND FEEDING 

416. Preservation of Grass Silage by New Methods. W. E. Kbauss, Ohio 

Agr. Expt. Sta., Wooster. Certified Milk, 16, No. 183: 5. July, 
1941. 

Molasses or phosphoric acid is now generally used in making grass 
silage. A preservative of this type involves additional expense and some 
inconvenience. The new methods suggested are: (1) the use of a preserva¬ 
tive usually available on the farm, and (2) using no preservative at all, 
but increasing the dry matter content of the silage. An example of the first 
method is cheese-factory whey, which has been used with some success in 
developing a desirable fermentation. The possibilities of the second method 
were demonstrated wdth more than fifty silo fillings, which showed that when 
the dry matter content was right, the untreated material was equal to that 
of the preserved silage. The satisfactory range of dry matter, between 
which good silage can be made without a preservative and without undue 
loss of juice, was found to be 25 to 40%. The dry matter content of the 
green material can be increased, by introducing into the cutter, along with 
the green feed, such materials as dry hay, stover, straw, ground com or 
oats. W.S.M. 

417. The Effect of Shark-liver Oil on the Vitamin A Content of Milk and 

on Milk Production. H. J. Deuel, Jr., Univ. So. Calif., Los 
Alleles, Calif., and J. P. Nuttall, Los Angeles Medical Milk 
Comn. Certified Milk, 16, No. 186: 3. Oct., 1941. 

The effect of the addition of shark-liver oil to the diet of Guernsey cows 
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was studied both from the standpoint of the vitamin A content of the milk 
and from that of total milk and butter fat production. It was found that 
the administration of shark-liver oil in quantities of 700,000 I.U. or over 
per cow per day increased vitamin A in the butterfat, A value as high as 
170 units per gram was found in one case. The increase of vitamin 
potency was largely in the form of vitamin A rather than as carotene, and 
the increase continued for 23 weeks during which the supplement was fed. 
The shark-liver oil also increased milk production and possessed no toxic 
properties similar to that of cod-liver oil, which results in a lowering of 
percentage of butter fat. A suppression in carotene excretion was also 
noted. W.S.M. 


FOOD VALUE AND DAIRY PRODUCTS 

418, More Education Is the Real Answer to More Milk in the Diet. 

E. M. Harmon, Natl. Dairy Council, Chicago, Ill. Canad. Dairy 
and Ice Cream Jour., 21^ No. 1; 21. 1942. 

In the great middle classes where most of the market is, the percentage 
of income spent for food is nearly the same in each case. It is possible to 
conclude, however, that purchasing power is largely the answer to the 
problem of getting more milk into the diet. The matter of price, however, 
has been over-played, especially by economists and social workers. With all 
credit to the sincere efforts put forth by governmental agencies to solve the 
problem of low-cost milk, the results of those very efforts raise serious 
questions as to their value when considered alone in solving the malnutrition 
problem in low-income areas. Consumer education in the lower income 
groups is more necessary because of the fact that with limited amounts of 
money to spend they simply cannot afford to make mistakes in the selection 
of food. Observations over a period of years in communities where con¬ 
sumer education programs are operating are another evidence of the neces¬ 
sity of consumer education. In consumer education it should be stressed 
that milk is the nutritional foundation of an adequate diet, that it is 
palatable and has a bland flavor, and that it is an economical food. O.F.G. 

419. A Study of the Food Value of Various Dairy Products. H. H. 

MiTCHBa:4L, Univ, Ill., Urbana. Canad. Dairy and Ice Cream Jour., 
50, No, 10:104. 1941. 

A good method of expressing the nutritive value of milk is to estimate 
what proportion of the nutritive requirements of a man would be supplied 
by a moderate amount of milk. Taking 3,5% raw summer milk as a standard 
to be compared with daily nutritivw requirements of a man of average 
weight, the best information indicates that a quart of milk will provide 
approximately the following percentages of the daily needs: 
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Protein . 

. 73% 

Vitamin A 

.. .. 95% 

Energy , .. . 

. 21% 

Vitamin B . 

... 62% 

Calcium. 

. 150% 

Vitamin C . 

. 100% 

Phosphorus . 

- 60% 

Vitamin G . 

... 100% 

Iron . 

.. .. 3% 

Nicotinic acid ... 

. 28% 

Copper . . .. 

. 4% 




One quart of summer milk will provide only 7% of the quantity of vitamin 
D needed daily by a child. These values show that cow’s milk is a very poor 
provider of iron, copper and vitamin D, only a moderately good provider of 
energy, nicotinic acid and vitamin Bi, a somewhat better provider of phos¬ 
phorus and protein, a very good source of vitamin (I, vitamin C (under the 
most favorable conditions), and vitamin A, and an excellent source of cal¬ 
cium. The evaporation and drying of milk may. cause variable and gen¬ 
erally slight destruction of the less stable constituents of milk. Vitamins 
A and G are quite stable to processing methods. Preparation of choice dried 
milk may lower the nutritive value of milk proteins about 8%. Criticism is 
offered to the practice of correlating animal preference for a food to the 
nutritional value of that food. Lactose exerts a much more favorable effect 
on calcium utilization than cane sugar or glucose. Orange juice, and 
possibly other fruit juices, have been shown to improve the utilization of 
milk ^calcium in the animal body. The addition of certain fruits and 
their juices to ice cream increases the vitamin C content of this product. 
The author discusses recent researches on the effect of the ingestion of very 
cold foods and drinks on .the stomach and the heart and on the cooling 
mechanism of the body. O.F.G. 

420. Nutritional Value of Milk and Pasteurization Process. C. A. 

Elvehjem, TJniv. Wis,, Madison. Canad. Dairy and Ice Cream 

Jour., 20y No. 10: 95. 1941. 

Milk is deficient in copper, iron and manganese. The addition of the 
first two to milk prevents the development of anemia which is characteristic 
of unsupplemented milk diets. The difference in animal growth in sum¬ 
mer- and winter-produced milk is attributed to the grass juice factor content 
of the two milks. The conclusion has been reached that the kind of milk used 
for pasteurization is more important than changes which may occur during 
the process of pasteurization. Results indicate slight deficiencies of vitamin 
E, and perhaps vitamin K, when animals are continued on heat-treated milk 
through reproduction. Pasteurization does not lower the vitamin A and 
carotene content of milk although prolonged boiling may destroy as much 
as one half of the original vitamin. The only tw^o nutritional factors which 
may be reduced in milk during pasteurization are vitamins C and Bi. With 
present practices of adding vitamin Bi to flour the slight loss occurring in 
pasteurization is not significant. O.P.G. 
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ICE OEEAM 

421. The Need of Sanitary Control in the Dispensing of Frozen Dairy 

Products. F. W. Fabuk, Bes. Prof. Baet., Mich. State CoL, Bast 

Lansing, Mich. Jour. Milk Technol., 4, No. 5 : 285. Sept.-Oct., 

1941. 

Observations indicate that frequently sanitary precautions required in 
the production of frozen desserts are often nullified by improper dispensing 
methods, untrained personnel, and inadequate facilities for properly 
washing and sterilizing dishes and utensils used. L.H.B. 

422. Continuous Freezer in Making Fancy Ice Cream. 6. 0. Wtmond, 

Cherry-Burrell Corp., Chicago, Ill. Canad. Dairy and Ice Cream 

Jour., .80, No. 9: 56. 1941. 

A knowledge of certain fundamentals is necessary for the successful 
maMng of fancy ice cream molds. The design of the center mold should not 
be too intricate or attempt to show too much detail. The ice' cream going 
into the center mold must be very stiff and that forming the body around 
the center somewhat softer. The center core should move at the same rate 
of speed as that of the cream forming the body. The continuous freezer 
adapts itself naturally to the making of “wave” ice cream. Directions are 
given for using the continuous freezer in the making of fancy designs such 
as cakes and pies. , O.F.6. 

423. Sandiness in Ice Cream—Its Causes and Control. H. H. Souuer, 

Univ. Wis., Madison. Canad. Dairy and Ice Cream Jour., 20, No. 

9 : 23. 1941. 

Sandiness became a problem in ice cream manufacture when the indus* 
try started to build up the serum solids content. Sandiness is actually due 
to the formation of lactose crystals and this involves lactose solubility in 
water. According to Dahle there should be 6.4 lbs of water for each lb. of 
serum solids if sandiness is to be avoided. Under some conditions the ratio 
may be as low as 1 to 5.9. The following formula may be used for nalcnlatiTi g 
the upper limit of serum solids to be used in a mix: 

100»X 

—glj—= % serum solids (upper limit) 

where X i^ands for aU the solids other than the serum solids. Sandiness 
sddom develops in the hardening room at 0® to -10® F. This condition 
does not hold in retail .cabinets. Tests showed that sandiness developed 
more rapidly at 12® F. than at lower temperatures. The autihor offers an 
explanation for the failure of sandine^* develop in ordinary hardraing* 
room jpraetice. As freezing takes place less and less of the water is in the 
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liquid state and the lactose solution becomes more concentrated. Finally 
a state is reached in which the sugar solution is so viscous that lactose 
crystallization cannot take place. A glass state is formed. If the tempera¬ 
ture remains for a sufficient length of time in a range favorable to 
crystallization and the solution is not viscous then sandiness will develop. 
Even at favorable temperatures this usually requires 5 to 7 days. The 
addition of calcium and magnesium salts before homogenization delays 
sandiness. Clarification of mix ingredients and preliminary soaking of 
added nuts in sugar solution arc helpful practices. O.F.G. 

424. War-Time Ice Cream in England. Clifford Skertchly, ‘‘The Ice 

Cream Industry,’’ London. Ice Cream Trade Jour., 38, No. 2:12. 

1942. 

During the last season England produced 25,000,000 gallons of ice cream, 
or approximately 50% of the normal output. This was done in spite of 
an almost complete lack of biitterfat, serum solids, and eggs, and a shortage 
of sugar and flavors. The United States will probably never face such severe 
shortages, but may nevertheless profit from the experiences of the English. 
The English have been using margarine fats to replace butterfat, and wheat 
and potato flour to replace the serum solids. The flour should be used in 
amounts not to exceed 50% of the skim milk powder. The use of wheat 
flour with condensed milk is not mentioned, and apparently condensed milk 
is not available to English manufacturers. 

Eggs greatly improve mixes made with flour and some eggs imported 
from the U. S. are available. The English public has been very tolerant of 
the use of substitutes in ice cream and in one instance a manufacturer sold 
“vanilla” ice cream for three days which had no flavoring at all in 
it W.H.M. 

425. Ice Cream in the Last War. Vincent M. Rabuffo, Ed. Ice Cream 

Trade Jour., 38, No. 2: 8. 1942. 

A chronological history of the first World War reveals that the frozen 
desserts manufacturer faced about the same problems then as he does now. 
A shortage of essential equipment, supplies and labor had to be met. Dairy 
products purchased by Europe were 456% as great in 1915 as 1914 so that 
the problem of increased demands was also felt. Food administrator Her¬ 
bert Hoover classified the ice cream business as an essential industry and 
this helped the manufacturer in obtaining equipment and supplies. Sher¬ 
bets and ices, however, were banned. Leaders of the industry recommended 
greater all-around efficiency as a means of combating the extra costs. The 
great advantage of the first war to the ice cream manufacturer was the 
increased skill in salesmanship and advertising. W.H.M. 
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426. Honey as a Sweetening Agent. Paul H. Tbacy, Prof. Dairy Mfrs., 

Univ. Ill., Urbana. lee Cream Trade Jour., 38, No. 3: 21. 1942. 

Honey contains 80% solids and is 75% as sweet as sucrose. If a distinct 
boney-flaTored product is desired, 9% hon^ and 7% sucrose should be used. 
If no honey flavor is desired, no more than 2% honey can be used. Honey 
blends well with fruits, but not vanilla and is covered up by chocolate. 
Honey ice cream does not whip as readily, will be softer in the dealer’s 
cabinet and will melt more readily. These are not serious objections. 
The texture is better, but the body of the honey ice cream may be slightly 
crumbly or sticky. There are A'arioua flavors of honey and the mild flavors 
are best. Sweet clover, alfalfa, basswood, orange and tupelo are par¬ 
ticularly desirable. Honey can be used as toppings for sundaes and in 
making ripple ice cream. The lowered freezing point of honey ice cream 
may be overcome by lengthening freezing time slightly and lowering 
storage and cabinet temperatures. 'W.H.M. 

427. The Wage-Hour Law in the Ice Cream Trade. Colin Kerb 

Cameron, Wage and Hour Div., U. S. Dept. Labor. Ice Cream 

Trade Jour., 38, No. 2:16. 1942. 

The average neighborhood ice cream store is exempt from tlie provisions 
of the Wage-Hour Law. Manufacturers engaged in interstate commerce 
and also engaged in retail business not in interstate commerce may claim 
exemption for those retail employees under specified conditions. Employees 
of a local plant receiving goods which have been shipped across a state line 
are covered by the law. Executives, salesmen, and administrative officers 
are in most cases exempt. Men employed within the area of production 
(as defined by the government) and making ice cream or processing other 
dairy products are exempt from the law. Manufacturers are not required 
to count as “hours worked” any time the employee is on the premises and 
not working due to blackouts or air raid alarms. Manufacturers and retail¬ 
ers are advised to check the legal phrasing of each particular instance 
when there is a question as to whether an employee is covered by the 
law. W.H.M. 

428. Retail Prices? Vincent M. Rabdefo, Ed. Ice Cream Trade Jour., 

. 5S,No.8:10. 1942. 

Retail prices on ice cream and items sold at soda fountains have been 
revised upward all over the country. The manufacturer’s problem is to 
keep the retail price down to where it will maintain sales volume. This can 
be partially aeeompli^ed by deider education. Various methods have 
been used to maintain a margin above fidH of ingredients. Dealers in the 
East have advanced five cent cones and novdties to six or seven cents and 
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ten cent sodas to twelve or fifteen cents. In other sections the five cent price 
has been retained, but double dips are no longer used and dipper sizes have 
been cut. Ten cent sodas have been raised to twelve cents or fifteen cents 
with an increase in ingredients. Sundaes are up five cents generally. 
Where prices have gone up five cents, most generally the quantity of ice 
cream has been raised. Where prices are the same the quantity has been 
cut, and where prices have advanced two or three cents, the quantity 
remains the same. W.H.M. 

429. Ice Cream Delivery in Wartime. Robebt T. Smith, Ice Cream Con¬ 

sultant, Scranton, Pa. Ice Cream Trade Jour., 38 , No. 4; 10. 

1942. 

A survey in the East reveals that 82of the ice cream dealers have 
reduced general delivery schedules. These reductions varied from 10% 
to 50% with the average reduction of 25 to 30%. Forty-five per cent are 
eliminating certain dealers so that they may use new plans of distribution 
and 67^% are installing additional cabinets for reserve stocks to lessen 
deliveries. In changing schedules, a manufacturer should consider an 
analysis of dealers, a study of routes, the number of flavors handled, 
•effect of new schedules, and his competitive relation. It is not known when 
more rubber will be available, but a manufacturer should figure that his 
present supply must last until 1944. The elimination of small troublesome 
dealers, special deliveries and long routes may actually increase profit 
as well as save rubber. W.H.M. 

430. Factors Affecting the Body of Ice Cream. B. I. Masurovsky, Res. 

Ed. Ice Cream Trade Jour., 38 , No. 4: 38. 1942. 

The body of ice cream is the net result of the individual arrangement 
•of small particles, this arrangement being referred to as the texture. There 
are two factors affecting the body, namely, physico-chemical makeup and 
mechanical treatment. Under the first are included acidity, viscosity, sur¬ 
face tension, overrun, emulsification of fats, suspension of milk-solids-not- 
fat, enzymes, stabilizing agents, colloidal protection and others. Mechanical 
factors are homogenization, temperature control, incorporation of air cells 
and freezing and hardening of the finished ice cream. Commercial plants 
should stay within the limits of 90 to 100% overrun, to avoid sogginess or the 
other extreme, fluffiness. A good body and texture are no longer hard to 
obtain under practical conditions. W.H.M. 

431. Conserving Chocolate Coating. J. Hoppman Erb, Dept. Dairy 

Technol, Ohio State Univ., Columbus. Ice Cream Trade Jour., 38 , 

No. 4:28. 1942. 

Due to the lack of cocoahut oil, manufacturers cannot obtain quantities 
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of “pail” eo&ting and frill have to use pure chocolate dab coating for ice 
cream bars. It is more difSksult to maintain the proper viscosity of dab 
coating due to water pickup causing progressive thiekmiing. Moisture 
diould be kept out of the coating as much as posdble and the addition of 
0.2% to 0.3% lecithin helps to overcome the effects of any water which does 
get in. Most coatings already contain lecithin. The manufacturer should 
standardize the fat content of the coating at 55 to 60%, and he should pur¬ 
chase a properly milled product. Temperature of the coating and ice 
cream should be proper and uniform. Coating containing milk solids 
should not be heated over 115® F. The dipping temperature of dab coat¬ 
ing is higher than pail coating, ranging from 105 to 115® P. A small metal 
bob may be cooled, weighed, dipped and reweighed to determine the cover¬ 
age value of a coating. The bob would approximate a small ice cream bar 
and conditions should be the same as actual dipping. W.H.M. 

432. Right Merchandising. James H. Meehan, Dir. Sales and Adver¬ 
tising, Phila. Dairy Products Co. Ice Cream Trade Jour., 38, No. 
2 : 38. 1942. 

The Philadelphia Dairy Products Company, Inc., has provided a mer¬ 
chandising course for their*representatives. The course covers the bandli ng 
of their product in the retail store and plant. In addition, it provides 
information about window displays, cleanliness, store arrangement, cost 
analysis, lighting, courtesy and other helpful material to be used by the 
representatives and passed on to the store owner. The school works on the 
theory that business should come from an increased sales volume from 
present retail outlets and not from competition to secure other companies’ 
outlets. Also the way to improve sales volume through their stores is to 
help make the entire store a better arranged, better advertised, cleaner, and 
more profitable business. W.H.M. 


MILK 

433. A Comparison of Dowkide-A and Chlorine (Diversol) for Use in 
Milking Machines. F. W. Fabun and G. L. Nielson, Bact. Sec., 
Mich. Agr. Expt. Sta., Bast Lansing. Jour. Milk Technol., 4, No. 
5:268. Sept.-Oct., 1941. 

In comparative tests as a bactericide for milking machin pa it was found 
that a solution of 1:200 Dowicide-A compared favorably with a eblorme 
sdution containing 102-^88 p.pm. of chlorine. 

It was found to be Wen more stable than the chlorine solution, being 
usable for a week and even longer wi1|iout an apparent loss of g^micidal 
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Bi6Siilt8 also indicated that it was much faster acting than the chlorine 
solution under the conditions of the experiments. 

Under the conditions of the experiment the Dowicide-A (sodium ortho- 
phenyl-phenate) did not have any effect on the phosphatase test of the mUk. 
It was found that it was necessary to have Dowicide-A present in a con¬ 
centration greater than 1:50,000 before a positive test was obtained. 

L.H.B. 

434. Influence of Processing on the Properties and Flavor of Milk. P. P. 

Sharp, Cornell Univ., Ithaca, N. Y. Certified Milk, 16, No. 184: 
9. August, 1941. 

The chief objectives in processing milk are: (1) reduction of the sani¬ 
tary hazard to the vanishing point, (2) prevention of the entrance of and 
control of the growth of bacteria, (3) prevention of non-bacterial chemical 
changes and control of physical properties. Faulty processing may result 
in (1) milk-borne epidemics, (2) development of undesirable fiavors in milk, 
(3) loss in nutritive value, and (4) undesirable alterations in physical prop¬ 
erties. Discussed factors which affect flavor, nutritional value and physical 
properties are: (1) control of bacterial content and growth, (2) lipase, (3) 
creaming, (4) oxidized flavor, (5) vitamins C, A, 6, D, and Bi, and (6) 
deaerated milk. The author suggests that efforts should be continued to 
produce better milk from the standpoint of nutrition and flavor. W.S.M. 

435. High'temperature, Short-time Pasteurization and Its Practical 

Application to the Dairy Industry. J. L. Hilemam and Henry 
Leber, Dairymen's League Cooperative Assoc., Inc., Syracuse, 
N. y. Jour. Milk Technol., 4, No. 3: 128. May-June, 1941. 
(Also published in the Annual Proceedings, N. Y. State Assn, of 
Dairy and Milk Inspectors, 1941.) 

Advantages of the high-temperature, short-time method were given as 
follows: 

1. Economy of floor space. 2. Elimination of some of the personal ele¬ 
ment by the use of automatic controls. 3. Elimination of over-holding of 
milk. 4. Elimination of the thermophilic problem. 5. Elimination of cer¬ 
tain chances of contamination of the product because the entire apparatus 
is a closed system that cannot be opened during operation. 6. Economy in 
the use of heat and refrigeration. 7. Small temperature differential be¬ 
tween medium and milk, with less danger of cooked flavors and other 

Undesirable effects of overheating. 

Disadvantages listed were: 

L of flexibility, especially in large installations. 2. Smaller mar¬ 
gin of safety due to extremely short holding time. 3. Higher bacterial 
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counts with many milk supplies, with greater increased cost of laboratory 
and field work to hold these higher counts down. 4. Not only are total bac¬ 
terial counts higher, but in at least some milk supplies, the percentage of 
alkali-producing bacteria is higher. Several studies made on both commer¬ 
cial and laboratory pasteurization are reported. 

No significant differmice was found in cream volume per one per cent 
of fat when milk was pasteurized commercially at 143® P. for 30 minutes 
and 161° F. for 16 seconds. The average creaming factor or per cent of 
cream for 1% of fat for milk pasteurized at 143° P. for 80 minutes was 3.45 
and for milk pasteurized at 161° F. for 16 seconds was 3.52. 

The phosphatase test was reported satisfactory on all samples of com¬ 
mercially pasteurized milk by this process (161° P.—16 sec.) and the colon 
count was satisfactory on 94.5% of the samples studied. 

Samples of milk pasteurized commercially at 161° P. for 16 seconds were 
also pasteurized in the laboratory at 143° F. for 35 minutes and at 161° F. 
for 16 seconds. Where the bacterial counts on the milk pasteurized in the 
laboratory at 161° P. for 16 seconds were low, there was close agreement 
between the two laboratory methods, but they differed more and more as 
the counts became higher, and 161° F. for 16 seconds gave the higher counts. 
Where the counts on samples pasteurized in the laboratory at 161° P. for 
16 seconds were below 5,000, the commercially pasteurized samples were 
nearly five times higher, but the difference became less as tlie counts 
increased. 

Inspection of farms where thermoduric counts were high usually dis¬ 
closed the cause to be dirty milking machines, pails or strainer. 

The use of weak acids for cleaning the stainless steel plate heaters was 
found to be more satisfactory than alkaline cleansers. The procedure used 
was to flush the system with cold water, then circulate dilute phosphoric 
acid (0.1%) through the system at 160° P. for 30 to 60 minutes. Plush 
with cold water and then circulate a mild alkaline solution at 160° F. for 
30 to 60 minutes. (Solution may contain one to two pounds of soda ash, 
tri-sodium phosphate or sodium silicate per 90 gal. of water.) 

A special pump should be provided for the cleaning operation to pre¬ 
vent damage to the milk pump from the cleaning agents. 

Plates should then be opened and brushed thoroughly and rinsed free 
of alkali. L.H.B. 

436. Aspects of Public Health I«gal Control of Paper Milk Containers. 

C. O. Ball, Amer. Can Co., N. Y. Jour. Milk Technol., 5, No. 1: 6. 

Jan.-Peb., 1942. 

l^is discussion includes a brief review of findings of various investi¬ 
gators and a discussion of some of the findings, including the number of 
organuims in paper used for making containers; various apparatus used for 
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disintegrating paper for bacteriological examination; specifications of tem¬ 
perature used for paraflBn treatment, and methods for determining the 
sterility of containers. 

The author summarizes as follows: 

Apparatus required for the bacteriological examination of paper is com¬ 
paratively simple and inexpensive. 

‘‘The number of organisms in paper used in containers is of little pub¬ 
lic health significance, and the relationship between paper mill sanitation 
and the number of bacteria in finished paper has not been definitely estab¬ 
lished.'' 

Because of inherent inaccuracies in laboratory methods of determining 
bacteria counts and the fact that they are not sufficiently precise, they do 
not w^arrant the stressing of individual counts; logarithmic average is prob¬ 
ably the fairest method of dealing with such data. 

It has been found by investigators that paraffining paper milk containers 
at 165° to 170° F. was better than paraffining them at 180° to 185° F. 

Indications are that when interpreting the results from the testing of 
containers for sterility by the rinse technique that laboratory contamination 
is responsible for a large proportion of positive findings. L.H.B. 

437. A Small Electric Holder Type Pasteurizer. C. W. England, Arthur 

P. WiKDEMER, AND Oeorge J. Burkiiardt, Md. Agr. Expt. Sta., 
College Park, Md. Jour. Milk Technol., 4 , No. 4: 187. July-, 
Aug., 1941. 

A description and specifications for a small electrically operated pasteur¬ 
izing unit, of the holding or batch type, having a capacity of twelve gallons 
of milk is given. 

After several months of operation, the authors found the pasteurizer to 
be safe, efficient and practical, and its operating cost to be low where average 
electric rates are available. Using current at 2 cents per kw.hr., the cost 
for pasteurizing 12 gallons of milk varied from 0.33 cents to 0.61 cents per 
gallon depending on the temperature of the raw milk at the start of the 
operation. L.H.B. 

438. Sanitary Regulations for Controlling the Production of Paper Con¬ 

tainers for Milk. C. N. Stark, Prof, of Bact., Cornell TJniv., 
Ithaca, N. Y. Jour. Milk Technol, 4, No. 4: 200. July-Aug., 
1941. 

The author presents the idea that lower cost of milk to the consumer 
would have a tendency to increase milk consumption particularly by the 
lower income families. That the paper milk bottle appears to be a means 
of obtaining a lower price is suggested. It is stated that “any unwise or 
unnecessary regulations in the production of paper containers for milk will 
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eventoally contribute toward an increased cost to the oonsumer, and a de¬ 
creased consumption of milk, and a generally lowered health .condition of 
the people.” L.H.B. 

439. Physical Structure of Milk. E. L. Jack, Univ. Calif., Davis. Canad. 

Dairy and Ice Cremu Jour., 21, No, 8:42. 1942. 

Milk is a complex material composed of a number of constituents exist¬ 
ing as individual partides. The sise, shape and inter-relationship of these 
particles comprise the physical structure of milk. Milk is a liquid, not be¬ 
cause it contains 87.25% water, but because of the sise and shape of the 
particles composing it. The volume percentage of space occupied by the 
solids of milk is about 10.30, the water 89.70. The fat globules are the 
largest particles in milk. The particles of the separate materials are esscn-. 
tially globular resulting in a fluid. The protein particles may havjS their 
shape altered through the action of acids or other agents. The st^ar and 
protein particles are heavier than water but are prevented from settling out 
because of viscosity and the electrical forces that are effective on particles 
as small as these. The fat i>articles rise but are prevented from running 
together because of the material adsorbed on their surfaces. O.F.G. 

440. Bacteriological Problems of Pasteurization. W. O. Fkazieb, Univ. 

Wis., Madison. Canad. Dairy and Ice Cream Jour., 21, No. 1: 19. 

1942. 

With the increasing use of “high-short” methods of pasteurization, more 
information is needed on the survival of bacteria and changes in the products 
due to heat. The purpose of pasteurization is to destroy microorganisms 
and emymes and leave the product as little changed as possible. The resis¬ 
tance of a single kind of bacterium to pasteurization will vary, depending 
upon certain factors. Clumping increases resistance and the older organ¬ 
isms are more resistant than young ones. The presence of large numbers 
of thermoduric bacteria in milk is significant because it will mean a high 
percentage of survival after heating. Thermophilic bacteria increase in 
number in milk kept at above 100° F. Bacteria of the Colon Aerogenes 
group usually are killed by accepted methods of pasteurization. The pres¬ 
ence of sugar, gelatin and dried evaporated milk in ice cream protects bac¬ 
teria against heat to a certain extent. The preparation of starters for fer- 
mrnited milks and for cheese involves the use of milk heated differently. 
Laetie bacteria for butter, cultured buttermilk or cheese can be grown in 
milk pasteurized at 180-200° F. for 30 minufes. 

The proteases, muymes which Jmesk down proteins, are fairly resistant 
to .heat, lapase, the fat-splittifig,enzyme, is destroyed by pasteurization. 
Beroxidase is destroyed by heat treatments a little greater ih%n ones 
empl<^hd for market milks. Phosphatase is destroyed by dflcient pasteur- 
iheticm. O.P,G. 
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441. Bacteriological Principles of Pasteurization. B. G. Hastings, Univ. 

Wis., Madison. Canad. Dairy and Ice Cream Jour., 21 . No. 1: 17. 

1942. 

This article presents the history and development of heat treatment as 
a means of preserving and making food safe for human consumption. The 
author concludes that the advantages of pasteurization far outweigh its dis¬ 
advantages and states that it is one of the chief factors in increasing the 
wider use of milk. O.F.6. 

442. Creamery Problems in a War-time Economy. C. E. Lagkneb. 

Canad. Dairy and Ice Cream Jour., 20 , No. 12: 44. 1941. 

The shortage of male labor is increasing; consequently, plans should be 
made for training female labor for replacement. Cream cans must receive 
extreme care since they are almost impossible to replace because of a short¬ 
age of metals. Improvement in the methods of washing and caring for 
cream cans is needed. The gasoline shortage demands that overlapping of 
truck transportation be eliminated or lessened. The quality of creamery 
butter is holding up well considering the war conditions. O.F.G. 

443. Some Aspects of the Canadian Dairy Industry in 1941. J. F. 

Singleton, Assoc. Dir. Marketing Service, Dairy Products, Dept. 

Agr., and Chairman, Dairy Products Board. Canad. Dairy and 

Ice Cream Jour., 20 , No. 11: 36. 1941. 

This article discusses the growth of the Canadian dairy industry during 
the past 75 years and shows how, during the first half of that period, the 
increases in the production of dairy products greatly exceeded the increase 
in domestic consumer demand. Recently there has been a shortage of cheese 
and particularly of relatively fresh cheese for home consumption because 
of the amount being exported to Britain. The amount of butter in storage 
during 1941 was greater than at the close of 1940. The anticipated increase 
in domestic requirements for concentrated milk has been realized and dis¬ 
tribution of evaporated milk during the first 8 months of 1941 shows an 
increase of about 30%, and distribution of sweetened condensed milk shows 
an even greater percentage of increase. Reports indicate a decided increase 
in consumption of fluid milk and ice cream the first 9 months of 1941. 

O.F.G. 

444. Bacteria-^Heat-resistant and Heat-loving. W. B. Sables, Univ. 

Wis., Madison. Canad. Dairy and Ice Cream Jour., 20 , No. 9: 27. 

1941. 

This article discusses the nature and control of thermophilic and thermo- 
duric organisms. The following steps can be taken to avoid building up 
thermophilic flora in a plant: 
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1. Cans and tanks must be dean and free from cradcs and crevices. 

2. Equipment surfaces must be free from milk film and milk stone. 

3. Dead-ends, leakjr generators and vats that drain poorly must be dimi- 

nated. 4. Use an air-space heater to make sure of destruction of bacteria 
in foam. 5. Do not repasteurize pasteurized or partially pasteurized milk. 
6. Avoid long, continuous runs with vat pasteurizers. 7. Do not use the 
same filter doth on hot mUk over a long period of time. 8. Use high-tem¬ 
perature, short-time pasteurization if other control methods fail. Thermo- 
duric bacteria must be kept out of milk because they cannot be removed or 
destroyed by pasteurization. O.P.G. 

445. Pasteurization of Milk and Public Health Results. F. J. Moss, U. S. 
Public Health Service, Washington, D. C. Canad. Dairy and Ice 
Cream Jour., 20, No. 9:19. 1941. 

An annual survey of milk-borne diseases was instituted by the Office of 
Milk Investigations of the Public Health Service in 1923. Within the 
years 1923-1938, an average of 43 outbreaks per year was reported. Typhoid 
fever accounted for the majority of the outbreaks, while septic sore throat 
and scarlet fever, with about equal percentages of the total, were the next 
two most prevalent kinds of outbreaks. During this period about 95% 
of the outbreaks and cases involved raw milk and raw milk products. A 
careful study showed that children who were fed pasteurized milk thrived as 
wdl as children who received raw milk. Pasteurization now has as its 
purpose, not the prevention of souring, but instead the prevention of disease. 
The conclusion drawn by this article is that all milk should be pasteurized. 

O.F.G. 

445. High-temperature Pasteurization from the Small Operator’s View¬ 
point. A. C. Dahlbebg, N. Y. Agr. Ezpt. Sta., Geneva, N. Y. 
Intematl. Assoc. Milk Dealers, Assoc. Bui., 34, No. 8: 174. Jan., 
1942. 

For the small operator special disadvantages are: more expensive and 
more complicated, lacking in flexibility in handling a variety of products in 
small lots, time necessary for cleaning equipment relatively excessive, skilled 
help not always available and the equipment cannot be hand-operated. In 
spite of these drawbacks there is much enthusiasm for the process on the 
part small dealers. Besults of experimental work with higher than usual 
temperatures called quick-time pasteurization are given. The pasteurization 
time is the total time in seconds from 140° F. to the maximum temperature 
and back to 140° F. with no holding time at maximum temperature. It is 
believed that a vidder temperature margin of safety is present when heating 
to 170° F. and bade to 14®° F. on 12 see.'Ilian in conventioual systems of 
short-time, high-temperature pasteurization, since 167^° F. gave a negative 
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phosphatase test and 1721 ® P, was attained before the creaming ability was 
injured. Comparable pasteurizing results would be obtained by the 
following; 


Time above F, 

5 seconds 

6 seconds 
12 seconds 
24 seconds 


Highest temperature 
177.5® F. 
175.0® F. 
170.0® F. 
169.0® F. 


The flavor of the milk heated to 177.5® P. was less cooked than low- 
temperature pasteurized mUk. High velocity of milk in the pasteurizer 
permitted a high heating water temperature and practically eliminated 
milk stone. E.P.G. 


447. Homogenized Milk—Plant View. Ross J. Quirie, United Parmers 
Coop. Creamery Assoc., Boston, Mass. Internatl. Assoc. Milk 
Dealers, Assoc. Bui., 34 , No. 8:188. Jan., 1942. 

A holding period of 15 hours at 72® F. is recommended as a quality test. 
No sample should rise more than .05% in acidity. Temperatures of pas¬ 
teurization as high as 170® P. for 30 minutes are reported to give good 
results. A pressure above 3000 lbs. per sq. in. with a piston machine seems 
to be needed. Returns may be best utilized in chocolated milk, buttermilk 
and ice cream mix. E.P.G. 


448. Homogenized Milk—Laboratory View. D. L. Gibson, The Borden 
Co., Toronto, Canada. Internatl. Assoc. Milk Dealers, Assoc. Bui., 
No. 8:179. Jan., 1942. 

Efficiently homogenized milk after 48 hours should contain less than 
5% more fat in the upper 50 ml. of the bottle than in the mixed remainder. 
Or leave a bottle on the laboratory desk overnight and examine for cream 
plug and flavor. Under the mi(»roscope all fat globules should be under 
two microns in diameter and preferably less than one. 

Milk heated to 154® P. and homogenized at 2500 lbs. pressure will leave 
the homogenizer at 160® P. and this is not too high for the holding method. 
170® P. for 15 seconds is good for the short-time high-temperature method. 
Any temperature from 120° P. up is satisfactory for homogenization which is 
preferably done prior to pasteurization with just enough pressure to pro¬ 
duce good homogenization. The order should be forewarm, filter or clarify, 
preheat, homogenize and pasteurize. 

Sedimentation is not likely to occur with less than 200,000 cells per ml. 
However, high storage temperature and returns favor it. Clarification is 
more effective than filtration although the latter is often satisfactory with 
high quality milk. The high pasteurizing temperature should result in a 
better than average keeping quality. A light cream line or cream plug 
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may be caused by (a) running '‘regular” milk first wilAout fiushing pipes, 
(b) hot milk run into colder homogenized milk, (c) first milk through 
homogenizer, (d) inaccurate gauge, (e) clarification after homogenization, 
(f) valves need grinding. 

Complaints involve: (1) serum formation due to freezing, (2) not good 
for junket or custard, (8) rancid off flavors, (4) cappy or cardboard flavor. 

A 4.0% fat milk is ideal. Since the Babcock test yields results 0.05 to 
.15% low it is best to allow at least .1% above legal minimum. Grind the 
valves and agitate after each 300,000 gallons of milk. E.F.G. 

449. A Babeock-test Reading Device. L. M. Lambert, State Dept. Agr., 

Sacramento, Calif. Jour. Milk Technol., 4, No. 6: 318. Nov.- 

Dee., 1941. 

A description and illustrations of a new light-weight instrument that 
fastens to the hand. L.H.B. 

450. Staphylococcus Aureus Contamination of a Grade “A” Raw Milk 

Supply. W. L. Williams, Univ. Louisville, Louisville, Ky. Jour. 

Milk Technol., 4, No. 6:311. Nov.-Dee., 1941. 

Staphylococcus organisms were found to be present in alj ten of the raw 
market milk supplies examined. Many were of the aureus type and a few 
were of the white albus type. Most of the strains isolated were classified 
as potential pathogenic strains. 

On examination of samples of aseptically drawn milk from 387 animals 
in the ten herds, it was found that over 50% of the animals had staphylo¬ 
cocci in their milk. 

“The realization of the seriousness of a possible milk-borne food poison¬ 
ing epidemic led the raw milk producers to a decision for 100% pasteuriza¬ 
tion of the raw milk supply'.” L.H.B. 

451. A Comparison of Microscopic and 32‘’-T-G-M Agar Plate Counts 

on Raw Milk. Herbert Jenkins, Dir. Labs., New England 

Dairies, Inc., Boston, Mass. Jour. Milk Technol., 4, No. 6: 314. 

Nov.-Dee., 1941. 

Comparing the microscopic group count, using a binocular microscope 
with a factor of 600,000 and counting 20 fields with the T.G.M. agar plate 
count incubated for 48 hours at 32° C., it was found that on Grade “A” 
raw milk there was a close correlation between the average microscopic and 
plate counts. 

In the ease of Grade “B” raw»|Qilk, the direct microscopic count was 
il^lhtiy lower than the plate count up to the group ranging between 400,001 
to 500,000. In this group the difference was neglipble. In the group hay- 
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mg counts above 500,000^ the miscoscopic count was slightly higher than the 
plate count. 

The results cover a period of two years and were obtained on 4,599 
samples. 

It was concluded that the microscopic method will give approximately 
the same results in 20 minutes compared to 48 hours for the agar plate 
method. L.H.B. 

452, Studies of the Resazurin-Rennet Test. (Preliminary Report.) 

P. L. ScHACHT AND R. E. NiCHOLS, State Dept. Health, Albany, 
N. Y. Jour. Milk TechnoL, 4, No. 5: 281. Sept.-Oct., 1941. 

Comparison of the methylene blue, direct microscopic, resazurin and 
resazurin-rennet tests were made on 730 samples of milk which had passed 
the odor test. 

A total of 3.2% of the samples decolorized methylene blue in two hours 
or less; 7.1% had a direct microscopic count of 100,000 or over; 18.7% 
caused a change in color of resazurin in one hour’s time; and 36.4% were 
classed as unsatisfactory with the resazurin-rennet test. 

Sixty-one farms were investigated, 44 were found to be unsatisfactory 
and 17 satisfactory on inspection. The accuracy of the platform tests in 
detecting unsatisfactory farm conditions were as follows: methylene blue 
14%, direct microscopic 23%, resazurin 50%, and re.sazurin-rennet 89%. 

The resazurin-rennet test classified the milk from four farms found satis¬ 
factory on inspection as unsatisfactory by test. L.H.B. 

453, The Present Status of Homogenized Milk from the Physician’s 

Point of View. Irving J. Wolman, M.D. The Children’s Hos¬ 
pital, Philadelphia, Pa, Jour. Milk Technol., 4, No. 5: 276. Sept.- 
Oct., 1941. 

Some 800 healthy babies were divided into four comparable groups. One 
group received unboiled formulas made from milk homogenized by sound 
waves (sonic vibrations). A second group received formulas made from 
milk homogenized by low-pressure homogenizers (750 pounds). The third 
group’s formulas were prepared with high-pressure homogenized milk (2500 
pounds) and the fourth group (controls) were fed identical formulas made 
from pasteurized unhomogenized milk which was boiled in the home for 
five minutes before being used. The homogenized milks were not boiled. 
All milks originated from the same source were treated in a milk pasteurizing 
plant under strictly controlled conditions. The making of formulas with 
homogenized milk was greatly simplified and considerable time was saved. 

The study lasted for more than a year and included clinical, laboratory 
and plant observations. 
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AU babies were placed on the tests on being weaned and were only rarely 
carried beyond the age of 10 or 11 months, and were kept under careful 
medical supervision. Generally the children grew normally, the number 
of gastrointestinal upsets was small, and no appreciable difference was noted 
with one kind of milk than with another. 

“It was concluded that pasteurization and homogenization of whole milk 
under the conditions of the study resulted in the creation of a milk product 
possessing soft curd properties and small curd characteristics, features much 
to be desired in the artificial feeding of infants. ’ ’ L.H.B. 

454. We Look at Milk Inspection. J. H. Shbad^, Ed. Jour. Milk Teeh- 

nol., 4, No. 3:161. May-June, 1941. 

More emphasis should be placed on improved nutrition of dairy products 
and increasing consumption. 

Liberality in the enforcement of milk codes should not mean laxity, but 
should mean an intelligent tolerance when no subversive principle is 
involved. 

A plea is made for better trained inspectors. L.H.B. 

455. How Can Small Milk Producers Meet Pasteurization Require¬ 

ments? J. H. Fbandsen, Head, Dept. Dairy Indus., Mass. State 
Col., Amherst, Mass. Jour. Milk Technol., 4, No. 3: 158. May- 
June, 1941. 

A brief discussion is given of a number of ways small producers may 
meet pasteurization requirements. L.H.B. 

456. Deaeration as a Means of Retarding Oxidized Flavors and Preserv¬ 

ing the Vitamin C of Milk. Paul F. Suabp, £. S. Quthbie, and 
D. B. Hand, Cornell Univ., Ithaca, N. Y. Jour. Milk Technol., 4, 
No. 3; 138. May-June, 1941. 

Also published in Intematl. Assoc. Milk Dealers, Lab. Sect., Proc., At¬ 
lantic City, 1940. See Joub. DAUtr Sci., 24, No. 9: A252. 1941. L.H.B. 

457. An Inventory of Some Methods of Milk Control. Willard H. Botk- 

TON AND Ira V. Hiscock, Dept. Public Health, Yale Univ., New 
Ebiven, Conn. Jour. Milk Technol., 4, No. 3: 147. May-^une, 
1941. 

As means of increasing the efficiency of laboratory control it is suggested 
that the standard plate count should be supplemmited with the direct 
mii^uBaopic count as a means of dbtermining Wteriological qualily—the 
I^Oi|>hatsse test for determining the degree of pastenrizatimi, and the 
cdiform test for detecting recontamination. 
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Comparative tests were made to study the relation of direct microscopic 
counts to agar plate counts, to determine the sensitivity of the phosphatase 
test, and to determine the thermal resistance of coliform organisms. 

The Breed count showed more samples to have high counts than did the 
plate count, and also indicated that some of the high counts were due to 
improper handling or to thermophiles. 

They found that all the samples of raw milk contained coliform organ¬ 
isms, and that after heating to as much as 140° P. for 30 minutes, no samples 
gave a positive test for coliforms. 

They reported (using Kay and Graham method) that the phosphatase 
test was consistent in its findings and that the addition of 0.05% raw milk 
to milk pasteurized at 145° P. for 30 minutes could be detected. L.H.B. 

458* What Does It Cost to Produce Milk? H. C. M. Case, Col. Agr., 
Univ. Ill. Milk Dealer, 31, No. 6: 36-46. Mar., 1942. 

«Data are presented showing the cost of producing milk in the Chicago 
and the St. Louis milk-producing areas. The data show that in the northern 
Illinois area the net cost per 100 pounds of milk averaged $1.72 on 99 
selected farms. On the 33 farms with lowest milk cost it averaged $1.44 
and on the 33 farms with highest milk cost it averaged $2.11 per hundred. 
In the St. Louis area the net cost of 100 pounds of milk averaged $1.60 on 
110 selected farms. On the 37 farms with lowest milk cost it averaged $1.33 
and on the 37 farms witli highest milk cost it averaged $1.99 per hundred 
pounds. C.J.B. 

459. Industrial Milk Service. H. W. Amundsen, Chicago Sales Repre¬ 
sent., Ideal Dairj^ Dispenser Co., Bloomingto]i, Ill. Milk Dealer, 
31, No, 6: 31, 60-65. March, 1942. 

The tangible benefits of botwTen-meal milk service are listed. These are 
then classified under the following three types: 

1. Better general health, as has been shown by more regular attendance 
at work. 2, Greater efficiency, as has been shown by more work accom¬ 
plished in a given period of time. 3. Improvement of morale, as has been 
shown by employees' attitude toward their work. 

The advantages of the vending machine method of milk distribution in 
defense and other industrial plants are: 

1. Milk is kept cold and fresh at all times. 2. Eliminates danger of the 
dairy-man being injured while working through the plant. 3. Reduces 
opportunity for the dairy-man to see confidential work on line, bench, or 
machine and lessens opportunity for sabotage. 4. Eliminates time lost by 
the dairy-man and employees. 5. Contributes to national defense program 
by enabling dairy to serve more men, in less time, thereby conserving tires, 
tubes, gasoline, and oil. 
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The dkotuseion is pcirtialljr gummarized aa foUom: 

With our induatrial aetivity rapidly gaining momentum, in an oil 
for victory at any eo»t ^:ugram, the queation of employee health, efficiency, 
and morale cannot be too atrongly emphaaized. 

To that end, induatrial leadera aay that milk conaumption by workera, 
between meals, pays tangible dividends in the form of less loss of time due 
to illness, more cheerful cooperation on the part of the workers, and a general 
stepping-up in production. 

Scientists and medical authorities say that milk is indispensable to the 
defeiDuse worker. Army and navy officials recommend it “by example.” 
Statistics show that 17 industrial fighters are required to keep each front line 
fighter equipped, armed, and fed. 

It naturally follows, therefore, thi^ any curtailment in the availabili^ 
of an ample supply of milk for the defense and other industrial workers, 
will vitally affect, if not seriously endanger, the very keystone of the defense 
program, i.e., production of ships, tanks, guns, planes, and the necessary 
munitions to make them effwtive. C.J.B. 

460. ESvery Other Day Delivery. Edwasd Thom, Assoc. Ed., Milk Dealer. 

Milk Dealer, 31, No. 6 : 26-27, 74-75. March, 1942. 

The author discusses every other day delivery as a practical means of 
conserving tires on retail delivery trucks as reported by milk dealers 
throughout the country who have adopted the plan. A saving of from 
i^proximately 40 to 60% in mileage is reported. Practically all the dealers 
are finding the plan well accepted by customers and employees. As a rule 
no employees are discharged. Some dairies are dividing the routes so as to 
carry the same load over half the route one day and over the other half the 
following day. Other dairies are doubling the load and placing two men 
instead of one on the route. * The latter plan is usu^ly di«:ontinued after 
the men learn the route and the extra men absorbed in the plant or for col¬ 
lections, etc. Several dealers believe that every other day delivery is here 
to stay. C.J.B. 

461. Promotional Wmk in MUk Control. J. B. Jbnninos, Milk Sanit., 

la. State Dept. Health, Des Moines, la. Jour. Milk Technol., 5, 

No. 1:41. Jan.-Peb., 1942. 

Some pointers are given on selling milk control to the industry and the 
community. It is the opinion of the author that a sales reason for improv¬ 
ing a particular condition on a farm or in a plant will often prove more 
vtiuable in aeeomplitiiing the end tii^ will giving the public health reason 
why it tiiould be done. ' L.H.B. 
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PHYSIOLOGY 

462. Studies on Absorption from the Rumen. A. D. Rankin and H. M. 

Dukes, Dept. Physiol., N. Y. State Vet. Col., Cornell Univ., Ithaca. 

Fed. Amer. Soe. for Expt. Biol, Fed. Proc., Part II, I, No, 1: 70. 

1942. 

*‘In ten experiments with two sheep having permanent rumen fistulas, 
dextrose was placed in the posterior ventral sac of the rumen. A marked 
rise in the blood sugar level always resulted. The increases over the level 
at the time of administration varied from 34% to more than 400%. 

‘‘Other experiments revealed that potassium iodide, pilocarpine, strych¬ 
nine, and sodium cyanide can all pass through the mucosa of the rumen. 
These experiments lend strong support to the growing belief that the rumen 
is an organ of absorption,” D.B. 

463. The Humoral Nature of the Factor Causing the Let-down in Milk. 

W. E. Petersen and T. M. Ludwick. Div. Dairy Husb., Univ. 

Minn. Fed. Amer. Soe. for Expt. Biol., Fed. Proc., Part II, 7, No. 

1:66. 1942. 

“Evidence is presented that the factor causing the let-down of milk is 
humoral in nature. Surviving bovine mammary glands, perfused with blood 
from the donor, were cannulated to drain them of all the milk that would 
drain out. After the milk ceased flowing and with the cannulae in situ a 
liter of blood drawn from cows that had been stimulated to let-down their 
milk wm introduced as the perfusate. Within 15 seconds after the introduc¬ 
tion of such blood, the milk flowed copiously out of the cannulae. Blood 
from cows that were not stimulated to let-down their milk had no effect. 
Blood from cows that were markedly excited did not cause a let-down of 
milk but had pronounced vaso-constricting properties reducing the blood 
flow to as little as one-fourth normal. 

“When the blood wm permitted to stand for one-half hour, the humoral 
agent for the let-down of milk was destroyed. In in vivo experiments, it 
w^as found that the intravenous injection of adrenalin interfered with the 
let-down of milk even when the injections were made after the cows had been 
stimulated to let-down their milk. Fright or excitement had similar effects 
to those of adrenalin.” D.B. 


MISCELLANEOUS 

464. Detergents in the Dairy Industry. Charles Schwartz, Hall Labs., 
Inc., Pittsburgh, Pa. Jour. Milk Technol., 4, No. 5: 258. Sept.- 
Oct., 1941. 

The various cleansing agents and their uses in the dairy are discussed. 
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It is concluded that the best detergent to use is one that contains aa. efficient 
calcium-sequestering material to prevent or control precipitation or forma¬ 
tion of scale and milh stone. It must also contain an alkali sufficient in 
amount or strength to do the cleansing job at hand, and yet it must be of a 
type that will be least harmful to both the user and the equipment. 

L.H.B. 

465. Corrosion Tests on Acid Cleansers Used in Dairy Sanitation. M. E. 

Pabkeb, Beatrice Creamery Co., Chicago, Ill. Jour. Milk Technol., 
5, No. 1:87. Jan.-Feb., 1942. 

A report of a laboratory study of the corrosive action of an acid cleansing 
product known as Mikro-San (reported to be a non-toxic mixture of certain 
organic acids, specific wetting agents, corrosion inhibitor, and a microstatic 
agent), an acid sterilizing product known as Mikro-Puer (content not 
given), and Chicago tap water on nine different metals normally used in the 
construction of can washers and dairy processing equipment, as well as that 
used in the construction of milk cans. 

The results were compared with those reported by Hunziker, Cordes and 
Nissen (Jouu. Daibt Sa., 12: 140-179 and 252-284,1929). 

It was concluded that the corrosive effects of Mikro-San, Mikro-Puer and 
Chicago tap water were relatively mild compared to the various mineral and 
organic acids, and particularly to the action of the various washing powder 
solutions used by Hunziker, et al. L.H.B. 

466. Report of the Conunittee on Sanitary Procedure. Intematl. Assoc. 

Milk Sanit. for 1941, W. D. Tiedemak, Chm. Jour. Milk Technol., 
5, No. 1: 29. Jan.-Peb., 1942. 

This report gives a compl,ete list of items which have been accepted dur¬ 
ing the past three years by the three committees of the Intematl. Assoc, of 
Milk Sanitarians, the Intematl. Assoc, of Milk Dealers, and the Dairy Indus¬ 
tries Supply Assoc., and which have been called the “Three Association 
Standards.” 

Specifications for sanitary motors adopted by this committee and one 
from the National Electrical Manufacturers’ Assoc, on April 8,1941, are also 
given in detail. 

These specifications are intended to apply to motors as made available 
for new ^uipment and are not intended to apply to motors to replace ser¬ 
viceable ones now in use.” L.H.B. 

4^. Report of Committee on Sanitalb' Procedure. Intematl. Assoc. MUk 
Sanit, W. D. Tiedemak, CSim. Jour. Milk Technol, i, No. 4:214. 

. ; July«-Aug., 1941. 
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The coiumittee has accepted the following nine items after due investi¬ 
gation : 

1. A 14 R ferrule for ground joints. 2. A 15 R ferrule for ground joints. 
3. A 15 R ferrule for gasketed joints. 4. A 13 H hex nut. 5. A 16~A 
ground seat cap. 6. A 3 A interchangeable thermometer fitting for applica¬ 
tion to vats and pipe lines. 7. *‘No finish on stainless steel below a number 
four is acceptable for surfaces in contact with fluid milk products. 8. 

Strainers are to have holes of 0.0625 inch diameter in 16 or 18 U.S. gauge 
metal with selvedge edges of one-half inch or more.^' 9. The standard 11-C 
3-way valve shall have the handle point in the direction of flow with the flow 
entering at the side opening. ’ ’ L.H.B. 

468. After Winning the War—We Must Win the Peace. W. D. Mc- 

ParlaNe, MacDonald Col., McGill tJniv., Montreal. Canad. Dairy 
and Ice Cream Jour., 21, No. 2 ; 19. 1942. 

This article is based on a report of the National P^arm Chemurgic Com¬ 
mittee of the Canadian (Chamber of Commerce. It surveys the factors 
responsible for many of the economic agricultural problems leading up to 
the war and points to some of the things which must be put into operation 
now and following the end of the war. It is the author’s opinion that agri¬ 
culture can surmount its diflBculties only through more extended research. 
The utilization of the forces of agriculture, industry and science to expand 
rural life should have a tendency to open up new markets and so achieve an 
equilibrium between farm and industrial incomes wdiich would have a degree 
of permanency. O.P.G. 

469. Good Public Relations Needed by the Dairy Industries. II. W. 

Comfort, The Borden Co., New York. Canad. Dairy and Ice 
Cream Jour., 20, No. 12: 23. 1941. 

An appraisal of policies and practices is the first fundamental step in 
public relations. Correction of the lack of public knowledge of facts is the 
second fundamental of public relations. Public relations is defined as an 
‘‘operating program in which management recognizes its social responsi¬ 
bilities, and discharges them, and reports in full to the public so that compre¬ 
hension and confidence in the organization may be established. ’ ’ The public 
seems to want from a business organization the same things it expects of an 
individual member of a community. Good relations vrith milk producers 
and company employees is an important feature of good general public rela¬ 
tions. O.P.G. 

470. Corrosion of Metals—A Review of Some of the Causes and Methods 

of Prevention. Q. G. Marvin, Mass. Inst. TechnoL, Cambridge. 
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Intematl. Assoc. Milk Dealers, Assoc. Bui., 34, No. 8:165. Jaa., 
1942. 

The importance of corrosion has been recognised only since about 1920. 
The electro-chemical theory is the one now generally accepted. This is that 
when metallic iron is placed in water the solution pressure of the iron causes 
it to dissolve until a state of equilibrium is established between the ferrous 
ions and metallic iron. Chemical reactions depicting this process are given 
and a list of primary and secondary factors involved. Six forms of cor- 
romon are described. 

Corrosion-preventive measures available include: 1. Controlling the com¬ 
position of the metal. 2. Protective coatings and passivation. The latter 
means using inhibitors such as chromates, silicates, phosphates, etc., or a 
stabilized passive state such as stainless steel. Lists are given of activating 
and passivating conditions for 18-8 stainless steel. This metal is subject to 
severe deep pitting which makes it unsatisfactory for some purposes. 
“Clad” metals in which the surface consists of 10-20% of the protective 
metal seem a good solution at the present time. This is very economical of 
tAe protecting metal, of great importance as in the present metal shortage 
Silver plating has become of economic importance and this yields a surface 
very resistant to corrosion, giving negligible metallic contamination to foods 
and greater resistance to alkalies or cleaning agents than tin. Glass-coating 
equipment gives a very corrosion-resisttmt surface. When using a paint the 
surface must be well cleaned or possibly chemically dipped. 

Prevention of corrosion by means of passivation is especially important 
with boiler and steam production problems. Here inhibitors bring about a 
surface condition which retards corrosion. Chromates in brine solution, 
silicates and phosphates in water are examples. E.F.O. 

471. The Angle Sanitary Fitting. Paul P. Sharp, Cornell Univ., Ithaca, 
N. Y. Jour. Milk Technol., 4, No. 3: 144. May-June, 1941. 

A new type of angle fitting for sanitary piping is described and illus 
trated. It has many advantages over the old type. L.H.B. 
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ABSTEIACTS OF LITERATURE 

BOOK REVIEW 


472. Minerals in Nutrition. Z. T. Wirtsciiaftfjr, Reinliold Publishing 
Corp., 330 W. Forly-Second St., New York. 14 Chapters including 
summary, plus index, 175 pages; $1.75. 

Milk is the source of so many important nutritive factors that having a 
well rounded knowledge of their properties is often left as a duty of the 
specialist. As a result, the average worker in the dairy industry knows 
something about the high-lights of the nutritional prox)erties of milk, but 
more often little about the properties that frequently are important but 
overlooked. As an example, the abundance and role of the calcium and phos¬ 
phorous of milk are kriovni even by the consumer; but how manj^ dairymen 
know about the occurrence and body need and use of the other minerals in 
milk, such as sodium chloride or potassium, or sulfur? Minerals in Nutri¬ 
tion is a very interesting popularized discussion on the source, function, 
disposal in the body, effect of excess or inadequate amounts, metabolism, and 
organic relationships of the many minerals that have specific functions 
necessarily derived from our foods. Further, the adequacy of milk in i)ro- 
vidiiig the quantities of the various elements is cited. The discussions of 
Minerals in the Body, Action and Distribution of Minerals, What Salt Does 
in the Body, Potassium, Calcium, Magnesium, Phosphorous, Sulfur, Iron, 
Iodine, Other Minerals, Pregnancy, and Lactation are short chapters some 
6 to 10 pages each filled with simply presented modern information that 
will be of interest to sales managers as material for their salesmen, to labora¬ 
tory and nutrition workers, teachers and students. 

The information is presented principally in non-technical readers digest 
arrangement, and is convenient to read, and easy to comprehend. 

K.G.W. 


BUTTER 


473. A Study of the Quality of Retail Butter in Michigan. I. A. Gould. 

Mich. Quarterly Bui. ^4, No. 4: 298. 1942. 

The butter studied was obtained directly from retail outlets in the cities 
of Lansing, East Lansing, Flint and Detroit. The samples were scored for 
flavor and tested for yeast and mold, mold mycelia, extraneous material, 
and fat content. 

A summary of the results shows that: 1. 45.2% of the samples scored 
under 89; 2. 75.5% had a yeast and mold count over 20 per ml.; 3. 43.3% 
had a mold mycelia count over 20; 4. 30.2% had a sediment score of 8 or 
less; 5. 10.2% contained less than 80% fat. 

A3B9 
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The results indicated no definite relationship between flavor of butter 
and price, nor between claims on the package and flavor. It is the author’s 
belief that a butter grading system as a means of protecting the consumer 
is desirable. P.H.T. 

CHEESE 

474. A Practical Moisture Test for American Cheddar Cheese. I. A. 

Gould, Mich. Quarterly BuL 24, No. 4: 318. 1942. 

The oibsalt method described is credited with the following advantages 
over the procedures commonly used: 1. No special apparatus is necessary; 

2. Simple to perform; 3. Can be completed in 20-30 minutes. 

The recommended procedure of the oil-salt method is as follows: 
1. Reduce sample to particles the size of wheat kernels; 2. To an aluminum 
moisture pan (2--3 inches deep and 2^-3^ inches wide) add 20 ml. oil (olive 
or cotton seed) for a 5 gram cheese sample and 25 ml. for a 10-gram sample; 

3. Add about 1 gram of common salt; 4. Heat oil-salt mixture over flame until 

fuming occurs and then cool; 5. Balance pan on butter moisture balance; 
6. Weigh 5 or 10 gram sample; 7. Tilt pan to make sure all cheese particles 
are covered with the oil; 8. Heat pan slowly until all bttbbling ceases; 
9. Cool; 10, Return pan to scales and determine moisture. If a 5-gram 
sample was used, double the reading. P.H.T. 

475. How to Make Cheese Spreads. C. R. Barker, Chicago, III Natl. 

Butter and Cheese Jour,, 33, No. 5:14. May, 1942. 

Cheese spreads are combinations of cheese with condeiused whey, whey 
powder, condensed or dry skimmilk or combinations of whey and skimmilk. 
Spreading qualities are obtained from high moisture or fat. Low-fat 
‘‘Cream” cheese without rennet is a common base and detailed instructions 
are given for making it. The acidity of this base is adjusted in the kettle 
with citric or phosphoric acid or with sodium bicarbonate. Condiments or 
such cheeses as Limburger, Camembert or Blue cheese are added. Some¬ 
times emulsifying salts and gum stabilizers and buffers are used. Formulas 
are given for making vinegar-sugar solution; gum paste; Pimento cream 
spread; Limburger cheese in glass; Special American cheese spread; Relish 
spread; smoked cheese in sausage casing; and “Nippy”-type cheese. 

W.V.P, 

476. Paying for Quality. Anonymous. Natl. Butter and Cheese Jour., 

^J,No.5:17. May, 1942. i' 

Th^ Burr Oaks Cheese Factory, Columbus, Wis., grades milk by 
methylene blue test into two classes, A and B. For B grade milk, 10 cents 
per hundred is deducted from the regular factory price and prorated among 
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A grade patrons. If penalties in one month exceed 10 cents per 100 lbs. 
of A grade then the balance goes to a pool to be paid in December according 
to average yearly quality tests. Blue tests are made at least once each week 
and patrons told results immediately. W.V.P. 

CHEMISTRY 

477. The Isolation of Biotin from Milk. Donald B. Melville, Klaus 

Hofmann, Eleanor Hague, and Vincent du Vigneaud, Dept. 
Biochem., Cornell Univ. Med. Col., New York City. Jour. Biol. 
Chem,, 142, No. 2: 615. 1942. 

A method for the isolation of pure crystalline biotin from a milk concen¬ 
trate furnished by S.M.A. Corporation is described. The yield of biotin 
was 25 to 40% and the method is suitable for the preparation of relatively 
large amounts of pure biotin. V.C.S. 

478. Does Hydroxyglutamic Acid Occur in Milk Proteins? Ben Nicolet 

and Leo A. Shinn, Div. Nutr. and Physiol., Bur. Dairy Indus., 
U. S. Dept. Agr., Washington. Jour. Biol. Chem., 142, No. 1: 139. 
1942. 

The work of these authors tends to show that the values given by earlier 
investigators for the amount of hydroxyglutamic acid in milk are much too 
high and it is even doubtful if milk contains any hydroxyglutamic acid. 

V.C.S. 


DISEASE 

479. The Udder Infusion Treatments in a Herd Program for the Control 
of Streptococci Mastitis. C. S. Bryan and H. H. Ruiiland. 
Mich. Quarterly Bui. 24, No. 4: 290. 1942. 

The udder infusion treatments for mastitis which principally involve 
the use of tyrothricin, novoxil, and acriflavin, have been reported to yield 
recoveries in 80 to 90% of the cases treated. The dairyman, however, should 
be acquainted with the following facts before he subjects his cows to treat¬ 
ment ; 1. It should be determined by laboratory methods whether or not the 
infection of the udder is due to streptococcic mastitis; 2. Cows in the ad¬ 
vanced stages of the disease should be slaughtered; 3. Cows suffering from 
an acute attack should be treated after the acute stage of the disease has 
subsided; 4. Due to the effect of the treatment on milk flow it is best to treat 
cows near the end of their lactation period or while they are dry; 5. The 
appearance of the milk may be changed as a result of the treatment and 
should not be used for human consumption during the period it is of ab¬ 
normal appearance; 6. The treatment does not confer any immunity to the 
animal even though a cure results. P.H.T, 



A192 ABSTRACTS OP LITERATURE ON MILK AND MILK PRODUCTS 


480. Feeding as a Contributory Factor in the Development of Chronic 

Mastitis. Earl N. Moore, H. 0. Henderson, A. H. Van Land- 
INGHAM, and Chas. E. Weakley, Jr., West Va. Agr. Expt. Sta, 
Amer. Jour. Vet. Res. S, No. 7; 154. April, 1942, 

A group of cows was fed a ration of alfalfa hay, silage and pasture with 
a grain supplement of corn products at the rate of 1 lb. to 3.5 lbs. of milk. 
The control group received a ration of mixed grains at the same rate. Each 
grain ration contained approximately 12.5 per cent digestible crude protein. 
A second group received the same grain ration as the control group above, 
half receiving 1 lb. to each 3.5 lbs. of milk and the others only a limited 
amount. 

All cows were handled together, but those free of mastitis were milked 
first. ‘‘No appreciable increase in the incidence or severity of mastitis was 
observed as a result of the kind of ration or the rate of grain feeding under 
the conditions of these experiments. ’ ’ S. A.F. 

481. Concise Methods for the Detection of Streptococci of Lancefield 

Group B or C in Milk Samples. Edward J. Foley, Labs. Bact., 
Univ. Notre Dame, Notre Dame, Ind. Jour. Milk Teclmol., 5, 
No. 2: 94. Mar.-Apr., 1942. 

A laboratory method for the detection of bovine mastitis caused by 
streptococci of Lancefield Group B or C is described. The method employs 
the Hotis test and Edward ^s broth which have been modified by the addition 
of selective inhibitory agents. The procedure used permits the determina¬ 
tion of the presence of S, agalacfiae and 8, dysagalactiae without the neces¬ 
sity of preliminary plating and i)ure culture study. 

The modified Hotis test i^sed was as follows: 20 ml, (composite) samples 
of milk are drawn into sterile tubes containing 1 ml. of a solution made up 
of sodium azide, 1 gram; brom cres<d purple, 5 grams; crystal violet, 0.1 
gram; distilled water, 1 liter. 

The sodium azide inhibits the growth of E$ch, coU, while the crystal violet 
is effective in inhibiting the growth of micrococci. The use of these agents 
permits prolonged incubation of tubes when necessary. 

Modified Edward"s broth (composition as follows: lactose, 5 grams; 
crystal violet 1% solution, 1 ml.; sodium azide, 0.1 gram; tryptose phosphate 
broth (Difco), 1,000 ml.; final pH 6.8-7.0. Sufficient brom thymol blue is 
added to impart a slight but distinct color to the broth) is inoculated with 
a loopful of cream from a modified Hotis test after 24-48 hours incubation. 
(In routine work the author stated <|iat he only inoculates broth with cream 
from those tubes which are suspicious.) The broth tubes are incubated at 
37*^ C. “Growth of 8. agalaetiae is manifest within 24 hours as soft or 
granular floccules, discrete in the clear broth. (This appearance is for all 
practical purposes diagnostic of 8. agaimtiae and further investigation is 
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usually not required.) 8» dysagalactiae develops a cloudy growth with more 
or less sedimentation. With both types the pH falls to 5.0 or below. The 
volume of work connected with serological identification can be reduced by 
making films for microscopic examination from broths showing an acid reac¬ 
tion and diffuse turbidity. Only tubes with copious fiocculent growth or 
those shown to contain streptococci by microscopic examination are tested 
serologically. Those in which growth is not extensive are reincubated and 
tested the next day if streptococci are demonstrated in the films.’' 

L.H.B. 


482. The Role of Disinfectants in the Control of Mastitis. C. S. Bryan, 

C. W. Darby, W. L. Mallman and A. C. Corbett, Sect. Bact., Mich. 

Agr. Exi)t. Sta. Jour. Milk TechnoL, 5, No. 2: 77. Mar.-Apr., 

1942. 

Eleven strains of streptococci isolated from mastitis-infected udders and 
laboratory strains of Staphylococcus aureus and Echerichia coli were used 
to test the germicidal properties of various soaps. 

One per cent (‘ointentrations of the various soaps in a 5.0% milk suspen¬ 
sion were tested at room temperature to determine their killing action in 
one minute’s time. The following soaps were tested: ‘‘Lifebuoy,” ‘‘Neko,” 
“Ivory Soap” and “Flakes,” “Super-Suds,” “Pels-Naphtha” Soap Chips, 
“Oxydol,” “Rinso,” “Lux Flakes,” and “Drene” (a sulphonated alcohol). 
It was concluded that soap solutions and sulphonated alcohols are not satis¬ 
factory agents for destroying organisms causing mastitis which may be on 
the udder. “Hypochlorite solutions containing 1.0 ppm. available chlorine 
killed alpha, beta and gamma streptococci in less than one minute.” 

The test showed that 5.0% milk added to a sodium hypochlorite solution 
containing 200 ppm., of available chlorine reduced the chlorine content to 
51.4 ppm. and that this solution did not kill all strains of streptococci in one 
minute’s time. L.H.B. 

483. Mastitis and the Plate Count of Milk. II. The Influence of Strep¬ 

tococcus Agalactiae upon the Standard Plate Count of Milk. 

Max E. Morgan, E. 0. Anderson, and W. N. Plastridgb, Depts. of 

Dairy Indus, and Anim. Dis., Univ. Conn., Storrs, Conn. Jour. 

Milk Technol., 5, No. 2: 67. Mar.-Apr., 1942. 

Samples of mixed milk from 93 herds known to have harbored animals 
infected with Sir, agalactiae were plated in triplicate in Edward’s medium 
and in both new and old A.P.H.A. media. 

The results showed that 78 of the samples had beta-hemolytic 8tr, aga- 
lactiae present. Fifteen of the samples did not show any of these organisms 
as being present in three 0.1 ml. portions when jilated on Edward’s medium. 

There was no correlation between the total plate counts and the 8tr, aga¬ 
lactiae counts. 
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It was found that milk from herds showing a greater percentage of 
infected quarters gave higher 8tr. agcUactiae counts. The new standard 
medium supported an average of 10.3% more colonies than did the old 
standard medium. 

Grade B producers will seldom be penalized for accessive plate counts 
due to the presence of 8tr. agalactiae mastitis in the herd. Grade A or certi¬ 
fied producers are more likely to be affected. According to the standards 
for the State of Connecticut, if the 8tr, agalactiae counts of each of the 78 
samples showing these organisms on Edward’s medium were subtracted 
from the standard agar plate count, it would have changed the grade in 
only four cases. Three samples would have changed from Grade B to Grade 
A and one sample from below legal standard to Grade B. L.H.B. 

FEEDS AND FEEDING 

484. Grass Silage—Feeding Results. C. B. Bender, N. J. Agr. Expt. Sta., 

New Brunswick, N. J. Internal. Assoc. Milk Dealers. Assoc. Bui. 

34, No. 14 : 809-313. Feb., 1942. 

A grass silage fed as a part of the total roughage may replace all the 
com silage and part of the hay. A minimum of 6 lbs. of hay seems desirable 
for milking cows. 

Results of 4 years of growth experiments with Guernsey and Holstein 
heifers gave 8% less than normal gains in silage winter feeding but greater 
than normal growth on summer pasture feeding. The average for the 4 
years was an average Guernsey gain of .91 lb. against Ragsdale’s Standard 
of .9 and an average Holstein gain of 1.17 against a Ragsdale Standard of 
1.2. Normal milk production was maintained when feeding 50-70 pounds of 
good legume or a mixture of legume and grass silsge to Holsteins. Hay con¬ 
sumption was limited to 6-10 lbs. per day. Comparing 8 kinds of silage it 
was found that the ratio of milk to digestible nutrients value was 1.33:1 
for molasses silage, 1.36 :1 for phosphoric acid silage and 1.37 :1 for com 
silage. Milk pasteurized and held f6r 2 days scored 22.3 when alfalfa 
silage was fed, 20.8 for com silage and beet pulp 21.0. The milk produced 
from feeding grass silage showed much greater resistance to the development 
of oxidized flavor than milk produced on either com silage or beet pulp. 

BF.G. 

485. Certain Relationships of Avitaminosis A to Vitamin C in the Young 

Bovine. P. D. Botbr, P. H. Phillifs, W. D. Poundbn, C. W. 

Jensen, I. W. Rufel and W E. Nesbit, Dept. Biochem., Univ. Wis., 

Madison, Wis. Jour. Nutr., 23, No. 5:525. May, 1942. 

Eleven calves, 8 Hdsteins and 3 Guernseys, were used m this study. 
The blood plasms vitamin A values of the calves not getting vitamin A sup- 
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plemeuts decreased to a low level of 0.03-0.05 micrograms per cent after 
two weeks. Papilledema did not develop until after an average of 5 weeks 
on experiment and increased intracranial pressure did not occur until an 
average of 8 weeks after low levels of blood vitamin A were observed. 

Pathology due to vitamin A deficiency appeared only after the blood 
plasma levels of vitamin A have decreased to a low level of 0.05 to 0.07 
micrograms per cent or less and remained there for several weeks. 

The increased intracranial pressure observed in calves suffering from 
vitamin A deficiency is paralleled by a marked decrease in the ascorbic acid 
content of the cerebrospinal fluid. Administration of ascorbic acid to 
vitamin A-deficient calves resulted in a rise in the ascorbic acid content of 
the cerebrospinal fluid and a reduction in the cerebrospinal pressure in 3 
out of 4 calves. 

Reduced urinary excretion of vitamin C in vitamin A deficient rats 
indicated that the lowered blood and tissue vitamin C is the result of im¬ 
paired synthesis. C.P.H. 

FOOD VALUE OP DAIRY PRODUCTS 

486. The Increasing Interest in Fortification of Foods with Vitamins and 
Minerals. C. A. Elveiuem, Univ. Wis., Madison. Internal. 
Assoc. Milk Dealers. Assoc. Bill. 34, No. 11; 249-255. Jan., 1942. 

It is suggested that in addition to extending our knowledge with respect 
to the chemistry of our diet it is necessary that we learn how to apply these 
newer findings to practical nutrition and that much of the application will 
continue to be built around milk. A brief review of the history of nutri¬ 
tional discoveries is given with emphasis upon the various vitamins. The 
rough and tedious methods of biological assay are being supplemented or 
replaced b3" chemical methods and more recently by bacteriological methods 
in the case of nicotinic acid. In spite of cheap vitamin preparations the 
author believes that the safest program is to rely upon the common foods as 
a source of vitamins. Since milk is usually used with fruit juices and refined 
cereal products in the infant dietary the two deficiencies most likely to 
appear are vitamin Bi and nicotinic acid. On this account dairjTnen should 
be particularly interested in tlie enriched bread program. Being a good 
source of riboflavin milk is useful in conjunction with enriched bread which 
is low in this vitamin. Milk is a good source of Bo and pantothenic acid. 
Milled wheat has lost five-sixths of its thiamin and nicotinic acid but only 
about half of its Bo and pantothenic acid. It is more important to fortify 
the average diet with milk than it is to fortify milk. The results of a nutri¬ 
tional program come slowly and we shall see the greatest effects in the next 
generation. EF .G. 
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487. Rdation of Volume of Dairy Milk Production to Ascorbic Acid 

Content of Cow’s Milk. A. D. HoiiMSS and Fbanois Tbifp, E. L. 

Patch Go., Boston, Mass., E. A. WoBiiFFNEB, H. P. Hood and Sons, 

Boston, Mass., and G. H. SATTEBFiEii), Univ. N. C., Baleigh, N. C. 

Food Research, 7, No. 2; 111. Mar .-Apr., 1942. 

An investigation of the ascorbic acid (reduced) content of cow’s milk was 
conducted over one year using Guernseys and Holsteins. It was found that 
the volume of milk produced per day has little influence on the ascorbic acid 
content but that as the volume decreases the total output of ascorbic acid 
in the milk drops. 

The data indicate that Guernsey milk is slightly higher in ascorbic acid 
content than Holstein milk. Also that the lowest ascorbic acid level for 
Guernsey milk was found in milk from animals producing less than five 
liters of milk per day whereas the highest ascorbic acid level for Holstein 
milk was from animals producing less than five liters of milk per day. Too 
few animals were included in the latter groupings, however, to make this 
comparison conclusive. F.J.D. 

488. Riboflbsvin Content of Some Common Foods. Hazel E. Munsell, 

Dept. Chem., Columbia Univ., N. Y. Food Research, 7, No. 2; 85. 

Mar.-Apr., 1942. 

Samples of representative foods from different food groups were assayed, 
by the rat-growth method, for riboflavin. Data obtained were compared with 
results obtained by other investigators and summarized in a comprehensive 
table. 

Cheddar cheese exhibited the highest riboflavin content, between 545 to 
€00 micrograms/100 grams. Dried navy beans were also excellent sources. 
Milk and lean beef, pork an^ salmon assayed over 200 p gm. The results 
with eggs were variable but averaged well over 200 p gm. Among the leafy 
vegetables spinach and broccoli leaves gave high values paralleling their 
greenness. Green string beans, green peas and endive were on a par with 
milk. The less-green leaves of cabbage and lettuce gave low value as did also 
peppers even though green. Roots and tubers gave uniformly low values 
and cereals were intermediate. 

Some factors affecting the precision of the rat-growth assay method are 
discussed. F.J.D. 


ICE CREAM 

489. A Con^rison of Four Ice Cream Stabilizers. W. H. Mabtin and 
W. 5, Caulfield, Eansal * State College, Manhattan, Kansas. 
I.A.I.C.M. Prod, and Lab. Council Proc., p. 35. 1941. 

Optimum amounts to use of the following stabilizers for ice cream were 
found to be 0.4% Yesterme (a mixture of mono- and di-glyeerides and high 
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test gelatin), 0.35% Kragel, 0.35% of 250 Bloom gelatin, and 0.27% Dari- 
loid. Ether extract, total solids, moisture, color, odor, and pH determina¬ 
tions of the four were made. Gelatin and Vesterine were acid, the other two 
basic in reaction, as well as characterized by high initial viscosity. Vesterine 
reduced time required to reach 100% overrun by 18 to 20%. All ice creams 
made with the various stabilizers withstood two weeks storage equally well. 
The partial neutralization caused by the basic stabilizers resulted in slightly 
better body and texture scores, amounting to 0.1 to 0.2 points, although this, 
while resulting in greater protein stability, had no marked effect on viscosity 
and exhibited no otlier advantages. Gelatin and Vesterine stabilized ice 
creams resisted heat-shock treatment better than the other two, P.S.L. 

490. The Influence of Homogenizing Pressures on the Dryness of Ice 

Cream when Drawn from the Freezer. J. Hoffman Ebb, Ohio 

State Univ,, Columbus, Ohio. I.A.I.C.M. Prod, and Lab. Council 

Proc., p. 7. 1941. 

Although several factors may operate to produce the desirable dryness 
sought for in ice cream as it is drawn from the freezer the author confined 
his study to the effects of homogenization on dr 3 niess. Mixes of varying 
composition were homogenized at varying pressures using single and two 
stage valves. Mixes homogenized at 1000 pounds were dry in appearance 
when drawn from the freezer but were partially churned; at 3000 or more 
pounds pressure they became more wet in appearance; and when rehomog¬ 
enized the appearance of wetness was greatly increased. This appearance 
was not in all cases an index of the amount of water frozen in the mix but 
may be of the thoroughness of fat dispersion. An increase in fat content 
caused an increase in wet appearance under identical pressures. At 1000 
pounds pressures low fat ice creams melted with a curdy appearance and 
high fat ice creams wheyed off. Smoothness of melting was improved greatly 
at 3000 or more pounds pressure. Increase in pressure hastened the rate of 
melting. P.S.L. 

491. A Progress Report on a Study of Factors Affecting Shrinkage in Ice 

Cream. P. H. Tracy, W. A. Hoskisson and C. P. Weinrich. 

I.A.I.C.M. Prod, and Lab. Council Proc., p. 16. 1941. 

Several factors are listed which encourage or discourage shrinkage in a 
normal 12% fat mix, homogenized in double and single stage homogenizers 
at usual pressures. Except in one series, paper Sealright containers were 
used. After hardening, the samples were subjected for 30 minutes to an 
hour to 26 inches of vacuum and then returned to the low temperature room. 
An increase in fat, serum solids or sugar increased shrinkage. Shrinkage 
increased usually in the following order from least to greatest with these 
sugars: “Prodex," ^‘Sweetose,’’ sucrose, and dextrose; and for these stabi- 
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lizers: gelatin, sodium alginate, ^‘Hygell,’^ and pectin. Dry egg yolk, mono¬ 
glyceride, sodium caseinate, high overrun, high sugar content, protein de- 
stabilization, smaller ice crystals, smaller air cells, continuous freezing, 
chocolate liquor, and use of unparaffined paper containers favor shrinkage. 
Factors found to discourage shrinkage were high drawing temperatures, 
superheated condensed milk, precipitated protein in condensed milk, expo¬ 
sure to melting temperatures, and manufacture of strawberry and chocolate 
ice creams, the latter made from cocoa. In the discussion considerable atten¬ 
tion is given in the article to ice structure and strength of air cells. P.S.L. 

492. Lecithin, Lecitho-Protein, and Glyceryl Monostearate in Ice Cream, 

K. V. Bryan, Purdue Univ., Lafayette, Ind. I.A.I.C.M. Prod, and 

Lab. Council Proc., p. 29. 1941. 

The action of lecithin and glyceryl monostearate has been ascribed theo¬ 
retically to their properties as wetting agents. A normal 12% fat mix was 
divided into three portions before pasteurization, to one of which was added 
portions of commercial lecithin varying from 0.15 to 0.50%; to a second, 
lecitho-protein varying from 0.03 to 0.15%; and to a third, glyceryl mono¬ 
stearate varying from 0.18 to 0.30%. The first two improved body and tex¬ 
ture of the ice cream but retarded overrun-incorporation somewhat. The 
third improved whipping ability but slightly weakened the body. A mix¬ 
ture of the second and third produced a satisfactory ice cream. P.S.L. 

493. Sugar Is More Than a Sweetening Agent. Alan Leighton, Div. 

Dairy Res. Labs, U. S. Bur. of Dairy Indus. Ice Cream Trade Jour. 

38, No. 5: U. May, 1942. 

In addition to their sweetening value, sugars also expand to a marked 
degree the temperature range within which the product remains in a palata¬ 
ble semi-frozen condition. Also sugar is suflSciently soluble to remain in 
solution in the unfrozen water of frozen desserts, except occasionally in 
water ices. It adds bulk to the unfrozen phase of which volume and 
viscosity are important for the quality of the product. This highly viscous 
unfrozen phase holds the air cells, and dilutes and lubricates the ice crystals 
and the milk solids particles, giving the characteristic smoothness essential 
to frozen desserts. 

To prevent sugar crystallization in sherbets held at low storage tempera¬ 
tures, a certain per cent of dextrose is substituted for part of the sucrose. 

Data indicates that dextrose is about 62.5 as sweet as sucrose depending 
on the concentration of sucrose, whiljin an ice cream mix it has a sweetening 
value of 89 compared to sucrose as 100. 

Other sugars and syrups may be used to replace part of the sucrose in 
frozen desserts and invert sugar has also been recommended. In substi¬ 
tuting fot sucrose it may be necessary to increase the total solid content of 
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the mix and lower freezing and storage temperatures if the ice cream is to 
remain in a satisfactory condition. W.H.M. 

494. Working Directions for Ice Cream Sweeteners. P. S. Lucas, Mich. 

State Col. Ice Cream Field 40, No. 3: 22. 1942. 

The author gives a number of ice cream formulas in which sucrose substi¬ 
tutes were used during the last world war, and lists several compilations 
giving relative sweetness of various sugars and sweetening agents. Con¬ 
siderable variation exists in the relative sweetness of the same sugars as 
reported by different authors. 

Honey is suggested to replace 20% sucrose and using this mix for all 
flavors without complaint. Amber and light colored honey are recommended 
as being better than dark colored and strong flavored honey such as buck¬ 
wheat, sage, and basswood. 

In ordinary usage corn sugar has been employed to replace 25% of 
sucrose but it can be safely used to replace 33%. 

Corn syrup, composed of glucose, dextrines and maltose, affects both 
taste and body. When used in excess of 25%* in the replacement of sucrose 
it imparts an unpleasant taste. This also increases the smoothness and 
“ chewiness’’ of the ice cream. Glucose,* a heavy syrup, is little more than 
i as sweet as sucrose and should not be used in excess of 25% of the sucrose 
according to the author. Invert sugar can also be used to the extent of 25%. 
Dried corn syrup solids likewise can be used to replace 25% sucrose. 
Because of cost or low sweetening value few other sweeteners are available 
to the ice cream manufacturer. 

* Abstract editor comment. Many plants are using 25 to 50% replace¬ 
ment with corn syrup without complaints from the trade. W.C.C. 

495. Sugar Problems. Evan R. Bowuns, New State Ice Cream Co., Oakla- 

homa City, Okla. Ice Cream Field 40, No. 3: 34. 1942. 

Sugar is not only a sweetener but it affects (1) body and texture of the 
ice cream, (2) melting resistance of the finished ice cream, (3) freezing point 
of mix, (4) time required to freeze, and (5) time required to obtain desired 
overrun. Besides it has often been used as a cheap source of solids even 
though the sweetening value was not needed. Since 1924 the sugar content 
in ice cream has been gradually increased until now we are using 35 to 45 
pounds more per 100 gallons of mix. 

Mention is made of the use of corn and invert sugars in conjunction with 
sucrose in ice cream. Figures are given to show that using the method of 
hydrolysis proposed by Rueh'e and assuming invert sugar to be 40% sweeter 
than sucrose, that a combination of sucrose and invert sugar can be used to 
give 12% sugar in the mix with a sweetening equivalent of 13.6% compared 
to sucrose alone. Sugar restrictions in other fields w'ill influence consumer 
tastes for sweetness in ice cream. W.C.C. 
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MILK 

496. The New Orleans Market for Fluid Milk. B. M. Gsiosbt and B. A. 

Ballanger. Louisiana Bui. No. 339. Feb., 1942. 

Within the city limits of New Orleans there are 113 small dairies where 
milk is produced and sold directly to the consumers. Of these, 107 average 
less than 2 acres each in total land area and have an average of 30 milk cows. 
Abandoned graveyards, vacant lots, canal and river banks are the principal 
sources of pasteurage. The most widely used dairy feed is brewery mash. 
The mUk is produced under conditions that resemble a manufacturing proc¬ 
ess more than normal dairy farming. That part of the supply area further 
from the city resembles more the normal type of dairy farming. Approxi¬ 
mately 265 producer-distributors deliver their milk daily to consumers in the 
city. This represents 36% of the fluid milk consumed in the market. Most 
of the producer-distributors handle only unpasteurized milk. Of the total 
handled by this group, 15% is pasteurized. 

Much (86.5%) of the milk in New Orleans is sold wholesale indicating 
that consumers purchase most of their milk through stores. This is thought 
to be due to (1) the relatively low per capita income, (2) the high tempera¬ 
tures which prevail throughout most of the year, (3) the lack of refrigera¬ 
tion in many of the homes, and (4) a 2 to 3 cent spread in the price of home 
delivered and store milk. 

Each individual handler (aside from the producer-distributors) pays 
for his milk according to its use. Consequently there is a variation in the 
price the farmers receive. There has been an increase in the total amount of 
milk entering the New Orleans market in recent years. A high class 1 price 
which encouraged production resulted in little change in the average price 
received by the farmer due to .the increased amounts of milk in class 2 and 3. 
A high class 1 price has caused some dealers to raise the retail price of milk 
which resulted in a decreased demand and consequently a greater amount 
of milk in class 2 and 3. It is questionable whether New Orleans’ dairymen 
can profitably produce milk to be manufactured into butter, cheese and con¬ 
densed milk. P.H.T. 

497. Development of Oxidized Flavor and Speed of Oxidation of Ascorbic 

Acid in Milk. G. H. Hartman and 0. F. Garrett, N. J. Agr. 

Expt. Sta., New Brunwick, N. J. Jour, hlilk Technol., 5, No. 2: 

86. Mar.-Ai^., 1942. 

In samples of mixed herd milk pi^tenrize4 in the College Creamery, it 
was found that milk was being contaminated with copper from a bronze 
pum.^, and the milk developed an intense oxidized flavor by the end of 72 
hours. Beplacing the pump with a stainless steel one reduced the devdop- 
ment of the flavor decidedly but did not prevent it entirely. It was noted 
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that the rate of oxidation of ascorbic acid was coincident with the develop¬ 
ment of the oxidized flavor. L.H.B. 

498. Freezing Cream for Storage. G. M. Trout, Mich. Agr, Expt. Sta., 

East Lansing, Mich. Milk Dealer, 31, No. 7 : 38-40. April, 1942. 

A discussion of the uses for frozen cream and the problems involved in 
the freezing of cream for storage purposes are presented. A report is then 
given of the studies made at the Mich. Agr. Expt. Sta. The results of these 
experiments are as follows: 1. Cream to be stored frozen must be pasteurized 
at least at an exposure of not le.ss than 165° P. for 15 minutes and preferably 
185° for 5 minutes. The high temperature exposure seemed to have a 
marked effect upon stabilization of flavor, thus inhibiting the development 
of oxidized flavor. 2. Homogenization had very slight inhibitory action 
towards oxidation. 3. High carotene content of cream did not stabilize the 
cream against metal-induced oxidized flavor. 4. Frozen cream of high initial 
titratable acidity was prone to develop off-flavors upon storage, particularly 
when pasteurized at 150° P. for 30 minutes. 5. High quality, low-acid 
cream, free from copper contamination, may be safely stored over an ex¬ 
tended period. 6. The type of container in w'hieh cream may be stored was 
of little consequence so far as off-flavor development was concerned. 7. The 
‘‘oiling off’’ of frozen cream is affected by rate of freezing, rate of defrost¬ 
ing, fat content, addition of sugar, and homogenization. 8. Only high-fat, 
excellent quality, low-acid cream, free from copper contamination, should be 
considered for freezing. C.J.B. 

499. Standardization of the Titratable Acidity Test. J. G. Davis and 

G. M. SoDEK, Natl. Inst, for Res. in Dairying, Shinfield, Reading. 

Milk Indus., 34, No. 10; 33-35. 1942. 

The titratable acidity test is the favorite test in the dairy industry for the 
detection of souring or incipient souring. In England much of the milk 
required for liquid consumption has to travel long distances and does not 
reach the consumer for thirty-six hours or longer. As a result more sensitive 
and accurate tests are required for assessing the quality of the individual 
producer’s milk. 

The titratable acidity test is not an accurate measure of the degree of 
souring of milk because fresh milk contains relatively no lactic acid and 
when milk is titrated the very weak acidity of the protein changes to a mild 
alkalinity. Phenolphthalein indicator does not give a sharp end point in the 
titratable acidity test. 

Since the titratable acidity test is only an arbitrary measurement and 
has no constant relationship to the lactic acid present, realization must be 
made, if the test is to be used for a standard of quality in milk, that all 
details of the test must be standardized. The amount of indicator, method 
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of reading the burette, determining the end point, measuring the volume of 
milk, earbonation of the soda, and temperature are factors which affect the 
laboratory results. 

The authors recommend the following procedure: Titrate twenty ml. or 
N 

20.64 grams of milk with alkali, using 2 ml. of 0.5% phenolphthalein as an 

indicator. Titrate to a grayish pink color which compares with a control 
sample held in a similar dish or flask. The determination should be made at 
a temperature between 55 and 75° P. J.J.S. 

500. Recent Canadian Research on the Resazurin Test. C. E. Johns, 

Dominion Dept, of Agr., Ottawa, Canada. The Internatl. Assoc. 

of Milk Dealers. Assoc. Bui. 34, No. 11: 256-265. Jan., 1942.* 

A ‘triple reading’’ test was found superior to the “one hour” test in 
detection of high bacteria and leucocyte counts. This “triple reading” test 
consisted of using a single color standard (their No. 8 P7/4 Munsell nota¬ 
tion) approximately half way between the original blue and the pink. All 
samples showing a greater color change than this in one hour were placed 
in 4th grade, those showing a similar change between the 1st and 2nd hours 
in 3rd grade; those doing the same by the 3rd hour would be in 2nd grade; 
while the remainder would be 1st grade. This method of reading reflected 
high leucocyte counts much more definitely than did either resazurin “pink” 
or methylene blue reduction tests. The dye seems to be sensitive to certain 
compounds in abnormal milks which do not influence the electrode potential. 
Sediment was removed from high leucocyte milk by centrifugal force and 
then added to low leucocyte milk. This was repeated four times. This sedi¬ 
ment still hastened the color change which showed that the leucocytes them¬ 
selves might be a causative agent. The color change is independent of poten¬ 
tial and oxygen content. It is suggested that the resazurin test be widely 
tried out in the industry even though the dye itself may not yet be entirely 
standardized. E.F.G. 

501. An Economic Analysis of Fluid Milk Markets in Indiana. C. M. 

Hardin, Purdue XJniv., Lafayette, Ind. Bui, 463. 1941. 

In 1940 control board price fixing orders were operating in 22 Indiana 
fluid milk markets. Three of these were operating under both federal and 
state orders. 

In the period 1937 to 1940 lowest blend prices for milk were paid in the 
larger markets. At the same time mi^k receipts in these markets showed no 
evidence of decreasing, 

l^arger markets tended to have greater seasonal fluctuation in receipts 
due to the larger proportion of smaller producers whose seasonal production 
fluctuates more than that of the larger producers. 
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The dealers in the small markets attempt to keep the surplus down to a 
minimum while in the larger markets where a greater volume is handled 
making efficient manufacturing possible, there is less incentive for keeping 
surplus milk at a minimum. 

In the Indianapolis market if the total receipts had been reduced until 
80% instead of 51% of the total receipts were used for class 1 purposes, the 
retail price of milk could have been reduced J cent during the 4-year period 
1937-1940, without affecting the blend price to producers. 

The retail price of milk and dealer’s margins were higher in the larger 
cities. 

The blend prices for 4% milk equivalent in the 20 fluid milk markets 
averaged 35 cents per hundredweight higher than prices paid by condens- 
eries during the 4-year period 1937-1940. 

While the amount of milk received during the 1937-1940 period in¬ 
creased, the number of producers decreased. 

In 1940 in the 8 markets which operated on the base and surplus plan 
during the 4 years, daily receipts during the month of highest production 
were 120%* of daily receipts during the month of lowest production. In 
those markets not operating on the base and surplus plan the receipts during 
the high month were 149% of receipts during the low month. 

A correlation existed between the monthly index of business activity in 
Indiana and the consumption of fluid milk during the period 1937 to 1940. 

P.H.T. 

502, The Supply and Utilization of Milk in Indiana. C. M. Hardin, Pur¬ 
due Univ., Lafayette, Ind. Bui. 462, 1941. 

Of the 3 billion pounds of w^hole milk equivalent (4% fat) delivered to 
Indiana plants in 1939, 57% w^as in the form of whole milk, 42% in the form 
of cream, and 1% in the form of farm-made butter. The quantity of cream 
delivered between 1919 and 1939 changed very little while milk increased 
from 26% in 1919 to 57% in 1939 of the total receipts. 

The utilization of the milk and cream received in 1939 was approximately 
as follows: Butter 50% ; Fluid 22%; Cheese 8%; Condensed 8%; Ice Cream 
3.6%; Sweet cream for eastern markets 4.0% ; Fluid milk for Chicago 4.0%. 

Cheese plants in Indiana average about four times as large as those in 
Wisconsin. This was thought to be due to the fact that the Indiana plants 
draw^ milk from a larger area and most of them have been built since 1926 
by large corporations. One-fourth of the cheese plants made half of the 
total cheese produced in 1939. 

The 13 organizations of regional or national scope that operated in 
Indiana during 1939 handled about half of the combined milk and cream 
receipts for the state. Five of these organizations handled a third of the 
total receipts. 
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The seasonal fluctuation in the receipts of cream from farms is greater 
than that of milk. 

The per capita consumption of fluid milk and cream in Indiana for the 
year 1939 averaged .60 pint per day. P.H.T. 

PHYSIOLOGY 

503. Lactogenic Content of Pituitaries of Pseudopregnant Rabbits. 

Joseph Meites and C. W. Turner, Univ. Mo. Proc. Soc. Expt. 
Biol, and Med., 49^ No. 2:193. Peb., 1942. 

Pseudopregnancy was induced in 11 New Zealand White rabbits by the 
intravenous injection of 100 I.U. of chorionic gonadotropin. Seven normal, 
mature, female rabbits served as controls. Twenty days later all animals 
were killed and their pituitaries were removed for assay. The pituitaries 
from the control rabbits contained an average of 10.05 Reece-Turner lactogen 
units per gland and the pituitaries from the pseudopregnant rabbits con¬ 
tained an average of 10.25 R.-T. units per pituitary. It was concluded that 
the reason no substantial lactation occurs in the rabbit during pseudopreg¬ 
nancy is because the amount of lactogenic hormone in the pituitary is too 
low. B.P.R. 

504. Extraction and Assay of Lactogenic Hormone in Postpartum Urine. 

Joseph Meites and C. W. Turner, Univ. Mo. Jour. Clin. Endo¬ 
crinol., i, No. 11: 918, Nov., 1941. 

Two methods were described for preparing postpartum urine for the 
assay of lactogenic hormone. The first consisted of an alcoholic precipita¬ 
tion and in the second the fresh urine was dialyzed and then concentrated 
by evaporation. The micro pigeon test was used for the assay of urinary 
lactogen. The urine of 10 lactating women during the first 2 postpartum 
weeks revealed a daily range in hormone excretion of from 4.05 to 12.50 
international units of lactogen. In 3 cases of definite or suspected hypo¬ 
galactia less lactogenic hormone was found in the urine than in mothers 
with adequate lactation. The 3 best lactating women excreted the highest 
average amount of lactogen in the urine. Pregnancy urine contained only 
4 to tV the amount of lactogen found in postpartum urine. R.P.R. 

505. A Comparison of the Acetone Body Metabolism of the Lactating 

Mammary Gland of the Normal Cow with that of the Cow with 
Ketosis. J. C. Shaw, Dept. Dairy Indus., Storrs Agr. Expt. Sta., 
Storrs, Conn. Jour. Biol| Chem., 142, No. 1: 58. 1942. 

The lactatixig mammary gland of the cow in ketosis used over 100% 
more B-hydrox 3 d>utyric acid per 100 cc. of blood traversing the gland than 
the gland of the normal cow. Simultaneously there appears to be a de¬ 
crease in oxygen utilization. 
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Practically all of the oxygen taken up by the lactating gland of the cow 
with ketosis would be needed for the complete combustion of the B-hydroxy- 
butyric acid removed from the blood by the gland. 

In the normal gland only 37% of the oxygen consumed would be re¬ 
quired for the complete combustion of the B-hydroxybutyric acid used. It 
is suggested that much of the energy for milk production in the normal 
gland is derived from the oxidation of fat in which approximately 37% of 
the oxygen consumed is used in the oxidation of B-hydroxybutyric acid, 
while the remaining 63% is used in the oxidation of other fat. 

Acetoacetic acid is not utilized by the active mammary gland of either 
the normal cow or the cow wuth ketosis. V.C.S. 

506. Growth and Development with Special Reference to Domestic 

Animals. LIII. Resting Energy Metabolism and Ventilation 
Rate in Relation to Body Weight in Growing Jersey Cattle, with 
a Comparison to Basal Energy Metabolism in Growing Man. 

Samuel Brody, H. H. Kibler, and A. C. Ragsdale, Univ. Mo., Co¬ 
lumbia, Mo. Mo. Agr. Expt. Sta., Res. Bui. 335. Dec., 1941. 

“This bulletin presents charts, prediction tables in various units, and 
the fitted equation Y = aX** relating resting-maintenance energy cost, Y, to 
body weight, X, for the same 18 Jersey cattle from birth to 25 months of age. 
These results are compared to a similar analysis of energy metabolism 
(mostly “basal metabolism”) in humans from birth on. The value of the 
exponent h in the above equation is near unity from birth to 5 months in 
cattle and birth to 3 years in children; and near 0.6, from 6 to 25 months 
in cattle and 3 to 16 years in children. The metabolism per unit surface 
area rises from birth to about 6 months in cattle and from birth to about 3 
years in humans; it remains roughly constant 6 to 25 months in cattle and 
declines somewhat 3 to 16 years in humans. Similar data are presented for 
the relation of ventilation rate to body w^eight in cattle. The value of i 
in the above equation for ventilation rate in cattle is about 0.72, from birth 
to 25 months. Oxygen decrement in the ventilated air declines with in¬ 
creasing body weight; that is, more oxygen is taken out from a given volume 
of inspired air in the smaller animals. The implications, practical and theo¬ 
retical, to students of nutrition and of ventilation and air-conditioning 
engineering, are discussed. ’' Authors ’ Abstract 

507. Growth and Development with Special Reference to Domestic Ani¬ 

mals. LII. Relation Between Organ Weight and Body Weight 
in Growing and Mature Animals. S. Brody and H. H. Kibler, 
Univ. Mo., Columbia, Mo. Mo. Agr. Expt. Sta., Res. Bui. 328, 
May, 1941. 

Detailed charts are presented relating the weights of each of the major 
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-visceral organs to the corresponding body ireights in 1) mature mammals 
of different species; 2) mature birds of different species; 3) animate of the 
same species, growing and mature. The relative-growth equation Y = aX" 
was fitted to each set of data, and the numerical values of the exponent, h 
discussed with reference to the metabolic levels. For mature animals of 
different species, the weights of the neuro-endocrine system, such as the 
brain and pituitary gland, which are the metabolism-controlling organs, 
tend to increase with approximately the same fractional power as does basal 
metabolism; the cardio-respiratory systems, such as the heart, which carries 
the working burden of the body, tends to increase more directly with body 
weight than -with the basal metabolism. The organ-body relations in grow¬ 
ing anim a te vary with the stage of growth; the value of b tends to be lower 
for later growth in the same species than for mature animals of different 
species. The results are discussed from theoretical and practical view 
points.” Authors’Abstract 


MISCELLANEOUS 

508. Man Power and Transport Economics. S. Clifford. Milk Indus., 

.S4, No. 10:25. 1942. 

Proposals are suggested to prohibit milk customers in England from 
changing their retailer and to prohibit the misuse of milk bottles by Order 
during the war. A proposal was made for the standardization of milk 
chums but that the use of churns with long shoulders be continued as they 
went a long way to avoid spillage. J.J.S. 

i 

509. Public Health Compliance by Manufacturers of Paper for Packaging 

Perishable Foods. J. B, Sanborn, N. Y. State Agr. Expt. Sta., 
Geneva, N. Y. Jour. Milk Technol., 5, No. 2: 88. Mar.-Apr., 
1942. 

It has been demonstrated tlia't the growth of microorganisms in paper 
mills can be effectively controlled. Several large producers of paper board 
were able to demonsti'ate that it is possible to produce a board that contains 
less than 250 colonies per gram. L.H.B. 
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ABSTRACTS OF LITERATURE 

BOOK REVIEWS 

510. Industrial Waste Treatment Practice. E. F. Eldridge, Research 
Associate, Eng. Expt. Sta., Mich. State College. McGraw-Hill 
Book Co., Inc., New York. 1942. 

This book is the culmination of years of work on the part of the author 
in the field of industrial waste treatment and disposal. Many of the prob¬ 
lems which arise in connection with the various industrial wastes are of very 
diversified nature and become complicated when the wastes must be handled 
through domestic sewage systems. More pressure is being put upon indus¬ 
trial plants to diminish or to entirely eliminate the pollution of bodies of 
water which are used either as sources of municipal water supplies or for 
public recreational purposes. The dairy industry is pointed out to be one 
of the outstanding sources of wastes from its milk processing and manu¬ 
facturing plants. For example, a milk condensery or a cheese factory may 
have a waste disposal load ecpiivalent to that of the sewage from a population 
of 1,500 to 3,000, the number of people in a small town. On the other hand, 
the combined effluents of a large city’s milk i)lants and ice cream plants 
can be the source of a heavy waste load on the municipal sewage disposal 
system. 

The chapter listing is as follows: I. Stream Pollution, II. Characteristics 
of Industrial Wastes, HI. Standard Treatment Methods, Structures, and 
E(iuipinent, IV. Wastes from the Beet-Sugar-Industry, V. Milk Products- 
Pactory Wastes, VI, Canning-Factory Wastes, VII. Tannery Wastes, VIII. 
Pulp-and-Paper-Mill Wastes, IX. Textile Wastes, X. Meat Packing and 
Slaughter-House Wastes, XI. Laundry Wastes, XII. Wastes from the Metal 
Industries, XIII. Gas- and Coke-Plant Wastes, and Other Phenolic Wastes, 
XIV. Wastes from Fermentation Industries, XV. Wastes from Oil Fields 
and Refineries, XVI. Treatment of Combined Industrial Waste and Domestic 
Sewage, XVII. Methods of Analysis for Industrial Wastes. 

In Chapter V, Milk-Products-Factory Wastes, the subjects taken up 
are. Manufacturing Processes and Source of Wastes, Composition of Milk 
Waste, Preventing Milk Losses, Segregation of Clean Water, Volume and 
Strength of Waste, Treatment Processes, Standard Biological Filter, Con¬ 
tinuous Recirculating Filter, Fill and Draw Recirculating Filter, Biochemi¬ 
cal Process, Mallory Process, 

This book is recommended as a reference for dairy manufactures and 
dairy technology students, and to dairy plant executives and milk sanitarians 
as an authoritative source of information on dairy waste treatment and 
disposal. L.M.D. 
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511. The Physiology of Domestic Animals, 5th Edition. H. H. Dukes. 

Comstock Publishing Company, Inc., Ithca, N. Y. 721 pages, 
illustrated, $6.00. 

Readers of the Journal op Dairy Science who are interested in the 
production phases of the industry will be interested in learning of the recent 
revision of this well known and widely used textbook of animal physiology. 

We are living in a dynamic world. To be of greatest usefulness text¬ 
book recordings of scientific progress must be constantly revised. In recog¬ 
nition of this need ‘‘The Physiology of Domestic Animals,first published 
in 1933, is now in its 5th Edition. During this period, not only has the 
book been kept up to date but the scope of subject matter covered has been 
expanded. 

P^or the present edition the entire book has been revised and a good part 
of it completely rewritten. A number of subject matter additions have been 
made and the amount of applied material increased. These changes enhance 
its usefulness as a college text and reference work. T.S.S. 

BACTERIOLOGY 

512. Inhibition by Phospholipids of the Action of Synthetic detergents 

on Bacteria. Z. Baker, E. W. Harrison and Benjamin P. Miller, 
Univ. Chicago, Chicago, Ill. Jour. Expt. Med., 74, No. 6: 621-637. 
Dec. 1,1941. 

This investigation suggests that detergents may be responsible for 
denaturizing the bacterial proteins or changing the cell membrane in such 
a way that it affects the metabolism of the bacterial cell. 

The addition of phospholipids (lecithin, cephalin, and sphingomyelin) to 
synthetic anionic and cationic detergents prevents the inhibition of bacterial 
metabolism. 

“The phospholipids must be added either before or simultaneously with 
the detergent. Addition after the detergent is without effect. Bacteria still 
exhibit this phenomenon after they have been exposed to the phospholipid 
and thoroughly washed.'^ 

Bactericidal compounds isolated from soil bacteria in the presence of 
phospholipids show an inhibition of bacterial metabolism. H.H.W. 

513. The Bactericidal Action of Synthetic Detergents. Zelma Baker, 

R. W. Harrison and Benjamin P. Miller, Univ. Chicago, Chicago, 
Ill. Jour. Expt Med., 74, No. 6: 611-620. Dec. 1, 1941. 

A study of the type, structure, action on bacterial metabolism, and 
germicidal properties of 20 cationic and anionic detergents were studied on 
6 Gram-positive and 6 Gram-negative micro-organisms. 

Zephiran, Phemerol, Retarder LA, Emulsol 605, Catol, Bmulsol, 607, 
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Uinulsol 660B, Daniel and Emnlsol 609 are trade names of cationic deter¬ 
gents. Cetyl sulfate, sodium myristyJ-snlfate, Duponol LS, Tergitol-8, 
Triton W-30, Igepon T, Tergitol-7 and Tergitol .4 belong to the class of 
anionic detergents. 

The selected detergents were used in concentrations of 1:1000, 1: 3000, 
1: 6000 and 1: 30,000 at pH 7.0 and with time intervals ranging from 10 to 
90 minutes exposure of the various test organisms. 

The cationic detergents showed a greater germicidal action on the Gram¬ 
positive organisms than on the Gram-negative bacteria. 

A relationship appears to exist between the bactericidal action and the 
chemical structure of the detergent. H.H.W. 

BREEDING 

514. The Incidence of Right and Left Horn Pregnancies in Dairy and 
Beef Cattle. M. Erdiikim, U.S.B.A.I., Chicago, Ill. Jour. Amer. 
Vet. Med. Assn., 100, No. 781: 343. Apr., 1942. 

Observations were made on a total of 3,824 i)regnant uteri on the 
post-mortem table. 1,506 were from dairy cattle and 2,318 from beef breeds. 

‘‘In the dairy group, the ratio of right to left pregnancies was 2:1 and 
in the beef breeds approximately equal. 

“There was one pair of twins to every 89 pregnancies in the dairy groups 
and one in every 126 for the beef cattle. 

“Of the 17 twin pregnancies in both of the dairy groups studied, 15 w^ere 
bilateral and 2 unilateral. In the beef breeds 16 of the twins were bilateral 
and 3 unilateral.’’ S.A.F. 


BUTTER 

515. Diacetyl and Acetylmethylcarbinol Production in the Manufacture 
of Unsalted Butter. T. 1. Hedrick and B. W. Hammer. Iowa 
Agr. Expt. Sta. Res. Bui. SOI, May, 1942. 

Dui'ing the ripening of sweet or neutralized sour cream in laboratory 
and semi-commercial trials there were some irregularities in the effects of 
various factors on the diaeetyl and acetylmethylcarbinol contents of the 
cream, but generally the contents were increased by an increase in the acidity 
to which the cream was ripened, by addition of small amounts of citric acid 
to the cream and by agitation (shaking in the laboratory trials and revolv¬ 
ing the coils in the semi-commercial trials) during the ripening. In some 
trials the contents were greatly influenced by the use of certain butter cul¬ 
tures, while in other trials they w^ere not. 

In general, as the diacetyl contents increased in the ripening cream the 
acetylmethylcarbinol contents also increased, but there were variations from 
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this relationship. The occasional decreases in diacetyl contents often were 
accompanied by increases in acetylmethycarbinol contents. 

Some of the ripening procedures used with the cream were beneficial 
from the standpoint of score of the butter under certain holding conditions. 
These procedures included development of higher acidities in the cream, 
addition of citric acid to the cream and agitation of the cream during 
ripening. 

With the semi-commercial churnings the ratios of the diacetyl contents 
of the cream to those of the corresponding butter were: minimum 1:0.142; 
maximum 1:0.709; and average 1:0.352. With acetylmethylcarbinol the 
ratios were 1: 0.059; 1: 0.683; and 1:0.217, respectively. 

The diacetyl or acetylmethylcarbinol contents of the lots of butter in a 
series sometimes did not follow the same order as the contents of the lots of 
cream from which the butter was churned; the irregularities were of various 
types. 

With the holding of butter 1 week at 36® to 40® P., 3 days at 60® P. plus 
4 days at 36® to 40® P. or 1 month at 36® to 40® P., both increases and de¬ 
creases in the diacetyl and acetylmethylcarbinol contents occurred. With 
each compound under each set of conditions the increases were more nu¬ 
merous than the decreases. After holding 3 days at 60® P. plus 4 days at 36® 
to 40® P., the diacetyl contents were higher in 75% of the comparisons, and 
the acetylmethylcarbinol contents were higher in 73% of the comparisons 
than in corresponding butter held in 1 week at 36® to 40® P. 

Author’s Summary 

516. Studies on Surface Taint Butter. H. Wolochow and H. li. Thorn¬ 
ton, Univ. Alberta, and E. G. Hood, Dom. Dept, of Agr., Ottawa. 
IV. Distribution and Taxonomy of Pseudomonas putrefaciens. 
Sci. Agr., 23, No. 8 : 461. 1942. 

The literature on surface taint butter is summarized and indicates that 
Psevdomonas putrefaciens is widely distributed. It is a soil and water type. 
There is some confusion as to the taxonomy of this species. The authors 
state that this organism should be placed in the family Pseudomonadaceae, 
Tribe Pseudomonadeae. 

V. The Growth of Pseudomonas putrefaciens in Butter, Sci. Agr., 
No. 9:552. 1942. 

There is much evidence that Gram-negative, rod-shaped, proteolytic bac¬ 
teria which grow at low temperajures are involved in the production of 
surface taint butter. Large numbers of organisms must be present in the 
bulker, however, if the organisms themselves are the cause of the defect, 
md the question is raised as to whether or not well worked commercial but¬ 
ters contain these large numbers. 

In producing surface taint butter experimentally relatively large inocula 
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had to be added to the cream or to the uiiWorked butter. This also applied 
to the initiation of growth in tubes of litmus milk. 

The numbers of bacteria in commercial surface taint butters were higher 
than in normal commercial butters but the surface taint producing organ¬ 
isms constituted only small minority populations in the defective samples. 
In commercial surface taint butters total counts ranged from less than 100 
to more than 6,000,000. These numbers do not appear to be sufiSciently 
large to account for surface taint defect on the basis of cell count. 

The numbers of organisms in 5 inoculated-cream butters were deter¬ 
mined at intervals up to 23 days, the butter being held at 10-15® C. In 
most of these cases the counts increased, the maximum numbers ranging 
from 10-17 million organisms per gram. Between 40 and 100 per cent of 
these were Ps. puirefaciens, 

VI. Other Bacterial Species as Causal Agents. Flavobacterium 
maloloris (n. sp.). Sei. Agr., J23, No. 10; 637. June, 1942. 

Among 2600 random bacterial isolations there were 5 of a yellow-pig¬ 
mented organism which produced surface taint in experimental butter and 
a sweaty-feet odor when grown in skim milk. The morphology and cultural 
characteristics of the organism are presented. It is a rod with rounded 
ends, occurs singly or in pairs, is Gram-negative, non-spore-forming and non- 
motile. On all media a yellow or yellow-orange color was produced. The 
organisms were highly proteolytic in skim milk and hydrolyzed starch. 
Glucose, sucrose, maltose or lactose did not appear to be utilized. The 
tentative name Flavobacterium maloloris is suggested for the species. 

The ability of Pseudomonas fluorescens to produce surface taint was also 
investigated. Seven cultures of this species were used in 20 experimental 
butters some of which developed a surface taint or questionable surface taint 
24 hours after churning. Within a further 24 hours these butters graded 
rancid. It appears that this organism is not a major cause of surface 
taint. O.R.I. 

517. Influence of Method of Separation on Mold Content of Cream. P. 

R. Elliker and W. H. Brown, Purdue Univ., Lafayette, Ind. 
Natl. Butter and Cheese Jour., 33, No. 6: 10. June, 1942. 

This experimental study was made to evaluate various methods of 
separating cream in terms of their effects upon the mold content and quality 
of the cream. 

“Centrifugal separation resulted in lower mold content than did water- 
dilution and shallow pan separation when cream obtained by these methods 
was stored at 60® and 80® F. for four and seven day periods. 

“When the fresh milk contained a comparatively high number of molds, 
centrifugal separation removed approximately 90% from both the cream 
and skim milk. 
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^^Water-dilution and shallow pan separation tended to concentrate molds 
in the cream. This was apparently due to the effect of the fat globules which, 
as they rose, carried molds with them to the cream layer. 

“Centrifugal separation with a clean centrifugal separator was superior 
to gravity separation both from standpoint of efficiency of separation and 
general quality of cream produced.’’ W.VP. 

518. Propionate Salts as Mold Inhibitor. Anonymous. Natl. Butter 

and Cheese Jour., No. 6: 16. June, 1942. 

Propionate salts can be used to increase 2 or 3 times the mold-free life 
of butter and cheese. Parchment paper manufacturers make an impreg¬ 
nated paper but when butter is “wet-wrapped” the parchment is soaked 
in a solution containing 20 oz. of propionate salt per gallon of water. In 
cream and cottage cheese the salts may be added directly to the cheese at the 
rate of two to two and one-half ounces per 100 pounds of cheese.* Cheese 
such as Cheddar when sliced for distribution in stores may be immersed for 
15 seconds in a solution of the inhibitor (proper concentration is not indi¬ 
cated) to increase the mold-free life of the cheese 3 to 4 times. W.V.P. 

519. Advice on Neutralization. S. T. Coulter, Univ. Minn., Minneapolis. 

Am. Butter Rev., 3, No. 12: 432-434. 1941. 

Cream containing .17 to .18% acidity should be neutralized to reduce 
loss of fat in the buttermilk, to secure uniformity of taste, and to improve 
keeping quality. If starter is to be used acidity should be reduced to 0.1% ; 
if not, to 0,12%. If acidit}’^ is higher pH is a better criterion by which to 
judge the degree of neutralization. For salted butter enough neutralizer 
should be added that the butter sera falls within the range of pH 6.6 to 7.0. 
If caustic soda is used it should be added in 5% solution, cold, and to the 
cream when it is no warmer than 80® P. Sodium sesquicarbonate has 
proved itself an excellent neutralizer, sodium bicarbonate is apt to give a 
soda taste, and limes, athough excellent, cause greater fat losses in the 
buttermilk. P.S.L. 

CHEESE 

520. Factors Affecting Mold Content and Quality of Cream. P. R. 

Elliker and W. H. Brown. Purdue Agr. Bxpt. Sta. Bui. 465. 

Jan., 1942. 

The results obtained indicate that use of clean utensils and a storage 
temperature of 60® to 65® P. will jitsure satisfactorily low mold growth in 
cream over a storage period of 4 dayk Temperatures as high as 70® P. may 
be iemployed over a 4-day period if utensils are kept scrupulously clean and 
milk or cream protected from contamination with dust and dirt. Delivery 
Abstractor’s Note: Federal definitioiis require labeling the package when these 
salts are so used. . 
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at least twice a week during colder months and three times a week during 
warmer months of the year is recommended. Where initial contamination 
of cream is high, excessive growth of molds may occur in as little as 2 days. 

The method of separation of cream on the farm is an important factor 
(along with sanitation, time of storage, and temperature of storage) affect¬ 
ing mold content and quality of cream. Centrifugal separation removed a 
considerable portion of the mold growth from cream, but gravity separation 
tended to concentrate molds in the cream layer. Gravity separators also 
present problems in cooling and contamination of cream from water used 
in water dilution separation. 

Twdce-daily agitation of stored cream tends to retar<l mold growth and 
encourage development of yeasts. It is not recommended. On the basis of 
results obtained, it is recommended that fresh, cooled cream be added to 
stored cream by layering it over the surface of the older cream. A relation¬ 
ship was sliowm between low fat content and high mold and also small size 
shipments and high mold content in typical commercial cream samples. 
The factors entering into this relationship are discussed briefly. Pure cul¬ 
tures of Oospora lad is developed best when the culture medium w^as adjusted 
to pH values of 5.0 to 8.0. Deflnite inhibition of growth occurred at pH 
values below' 5.0. P.R.E. 

521. Conditions Necessary for Maintaining Quality of Year-Old Vacuum- 

canned Cheddar Cheese. N. S. Golding, Wash. Agr. Expt. Sta., 

Pullman. Natl. Butter and Cheese Jour., .V.V, No. 7: 10. July, 

1042. 

Measurements w'cre made of the changes in vacuum or pressure and 
quality of American Cheddar cheese ripened in cans in cool storage for 
over a year and then held at temperatures to simulate (*onditions in store or 
household. Changes in vacuum or jiressnre w^ere determined by measuring 
the vacuum on the outside end of the sealed can necessary to raise the lid. 
Actual vacuum or pressure W'as then calculated by referring to a similar 
measurement made on an unsealed can. Six makes of year-old cheese w’ore 
used. Cans of cheese from each make were stored for 50 days and observed. 
The data show that high-quality, year-old, vacuum-eanned American Ched¬ 
dar cheese should be held at 52"* F. or below' to maintain quality. If held at 
about 70° F. gas is developed and quality deteriorates. Gas developed faster 
in the latter half of the 50-day storage period. W.V.P. 

DISEASE 

522. Physiologic and Metabolic Aspects of Acetonemia in Cattle. M. H. 

Boepke, Univ. Minn. Jour. Ainer. Vet. Med. Assn., 100, No. 782: 

411. May, 1942. 

The article is a summary of recent findings as to tlie pathology and physi- 
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ology relating to acetonemia together with a discussion of the value and 
limitations of the Boss test, the usual diagnostic test using nitroprusside as 
the diagnostic agent. 

Pathologically, the severe form of the disease usually occurs up to six 
weeks post-partum in high-producing cows during the winter months. 
Severity of symptoms usually follows the degree of hypoglycemia, but does 
not parallel the blood and urine ketone concentrations. Patty livers are a 
frequent post-mortem finding in severe cases. 

Most conditions causing a cow to go off feed will produce a secondary 
ketosis and a positive Ross test, while a primary ketosis with clinical symp¬ 
toms, blood ketone values above 20 mg. per cent, and urine ketones above 
100 mg. per cent, is the exception and occurs when blood sugar values are 
one-half normal or less. Diagnosis is more accurate vrlien the urine for the 
test is diluted 1:10 and still gives a strong reaction. 

Fundamental causes of acetonemia may possibly be lowered liver func¬ 
tion, inadequate pituitary stimulation, or lowered carbohydrate intake on 
winter rations. S.A.F. 

523. The Value of Intravenous Calcttun Chloride and Glucose in Uterine 

Inertia of Cows. H. C. Smith, Stillwater, Okla. Jour. Amer. 

Vet. Med. Assn., 100^ No. 780: 232. March, 1942. 

Where not contra-indicated, 50-250 cc. intravenously of a solution con¬ 
taining 20 per cent calcium chloride and 50 per cent dextrose in physio¬ 
logical saline eased and shortened delivery in cows with a history of pro¬ 
tracted labor during previous calvings. There were no eases of milk fever 
or retained placentae and cows and calves both appeared stronger than is 
usually the case. S.A.F. 

524. Sulfap 3 rridine in the Treatment of Calf Pneumonia. W. T. S. Thorp, 

J. F. Shigley, and a, K. Anderson, State College, Pa. Jour. 

Amer. Vet. Med. Assn., 100, No. 780: 225. March, 1942. 

Twenty-four calves, eighteen of which had symptoms of acute broncho¬ 
pneumonia, were treated with sulfapyridine. Sixteen of the eighteen re¬ 
covered, Best results were obtained by a high initial dosage and subsequent 
daily reduction of 0.02 gms. per lb. body weight. There was a significant 
temperature drop within 24 hours. Recommended initial dosages are 0.05 
gms. per Ib. body weight for calves up to 70 lbs.; 0.06 gms. per lb. body 
weight for 70 to 100 lb. calves; and 0.07 gms. per lb. body weight for calves 
weighing over 100 lbs. divided into three daily doses. Very young calves 
(less than 2 weeks old) are mo A susceptible to the drug and should receive 
smaller doses. 

Blood studies on six normal and two pneumonic calves indicate a maxi* 
mum blood level of 10 mgs. % with an average of 5 to 8 mgs. % is optimum 



DISEASE 


A215 


for calves over two weeks old and an average of from 5 to 6 mgs. per cent 
for younger calves. Dosage is not proportional to age or body weight. 

S.A.F. 

525. Further Studies on the Significance of Suspicious Agglutination Re¬ 

actions for Bang’s Disease. C. P. Fitch, W. L. Boyd, Margaret 

D. Kelly, and Lucille M. Bishop, Minn. Agr. Expt. Sta., Jour. 

Amer. Vet. Med. Assn., JOG, No. 778: 23. Jan., 1942. 

Results of twelve years of study on 136 animals are reported. Bacteri¬ 
ological plate cultures and guinea pig inoculations were made at regular 
intervals of milk, colostrum, placentas and vaginal discharges for the pres¬ 
ence of Br, abortus. Cultures were also made of various organs of aborted 
fetuses and of calves which died shortly after birth. Aggultination titre of 
the blood and milk was determined regularly. 

Group I consisted of 39 animals with a 1:25 to 1:50 titre throughout 
the period except for two animals which later became reactors and shed the 
organism. Two of 34 negative control animals housed with them became 
reactors and shed Br\ abortus. All were removed from the group when their 
titre reached 1:100. 

Group II consisted of a separately housed group of 97 animals entering 
the herd with titres incomplete at 1:100 or higher. Titres of this group 
varied from suspicious to positive or low^ered to suspicious and remained. 
Br. abortus was isolated from nine of these animals. 

It is suggested that, depending on herd history, animals with suspicious 
reactions may be sufficiently dangerous to warrant their removal from the 
herd. S.A.F. 

526. A Further Note on the Incidence of Trichomonas fetus in Slaugh¬ 

tered Cattle from a Wisconsin Abattoir. B. B. Morgan and 

W. WisNicKY, Univ. Wise. Jour. Amer. Vet. Med. Assn., 100, No. 

783: 471. June, 1942. 

Trichomonas fetus was isolated culturally from two of 997 pregnant 
uteri, one with a normal, seven months fetus and one with a three months 
partially macerated fetus. Of 580 nonpregnant uteri, 463 were involuted, 
100 had pyometra, 11 had retained placentae and 6 were recent parturitions. 
Thirteen cases of trichomonad infection were found in the pyometras. No 
cases were found in 211 bulls examined. S.A.F. 

527. Studies in Ketosis in Dairy Cattle. IV. The Effect of Glucose 

Therapy and Pasture Feeding in Cases of Clinical Ketosis. J. C. 

Shaw, R. C. Powell, Jr., and G. C. White, Storrs Agr. Expt. Sta. 

Jour, Amer, Vet. Med. Assn., 100, No. 783: 473. June, 1942. 

Case histories of four clinical cases of Acetonemia together with blood 
and urine studies of ketone bodies, blood sugar and lactic acid levels during 
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therapy are presented. Frequent administration of considerable quantities 
of g:lucose by various routes tended to keep ketones near normal, but did 
not consistently have a permanent effect. One case recovered when given 
access to pasture, but this was not consistently true. S.A.F. 

528. The Treatment of Chronic Streptococcic Mastitis with Various 

Bactericidal Agents. Ralph B. Little, Rockefeller Inst. Med. 

Res., Princeton, N. J. Internatl. Assoc. Milk Dealers Assoc. Bui. 

34, No. 16:345. 1942. 

Seldom does Streptococcus agalactiae, the most common cause of mastitis, 
appear in an acute form. Although usually a cause of the chronic form 
Streptococcus dysgalactiae, Streptococcus uberis and others may be respon¬ 
sible for acute forms. A detailed description of methods and equipment 
used for administering bactericidal agents is given. The acridine deriv¬ 
atives, Entozon, acriflavine, and also trypaflavin were administered by in¬ 
fusion. When an oil solution is injected via the teat canal directly into the 
milk cistern, advantages in large scale work are smaller volumes of solution, 
less equipment required and simplification of instrument sterilization. 
Gramicidin or tyrothricin and Novoxil have been used. 

It is emphasized that chemotherapy is a sui^gical procedure and should 
be conducted by a veterinarian lest great damage to the udder result from 
careless technique. A conservative figure for cures in an average herd by 
means of udder chemotherapy might be below 50% with some herds going 
as high as 80-90% cures. Mild cases offer the best chance of success and 
chemotherapy should not be used on acute cases. Injection of tyrothricin 
and Novoxil may safely be made during the dry period to save on material. 
Of the bactericidal agents effective against Streptococcus agalactide the 
author has found the alcoholic solution of gramicidin in sterile water and 
mineral oil with the dose properly adjusted, was the least irritating and most 
effective. E.P.G. 

529. Studies on the Allergic and Antigenic Activity of Sonic Filtrate of 

Brucella Abortus. E. L. Stubbs and I. Live, Univ. Pa. Amer. 

Jour. Vet. Res. 3, No. 7:146. April, 1942. 

A brief review is made of the literature as regards attempts to produce 
allergic skin reactions to establish Brucella infections. The sonic filtrate 
was a 72-hour culture of Br, abortus concentrated, washed, suspended in 
saline, exposed to vibrations of audible frequency at 9,000 cycles per second 
for one to two hours and filtered. G^joups of rabbits negative to the agglu¬ 
tination test in dilutions of 1:5 were sensitized by injecting live cultures of 
Br. abortus intravenously and intraperitoneally; phenolized cultures intra¬ 
venously, and heated but not killed cultures intravenously. Guinea pigs 
were sensitized by intraperitoneal injections of live cultures. Reaction to 
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the skin test at 48 and 85 days was nearly 100% in those receiving live cul¬ 
tures and decreased with the degree of attenuation. Intensity of reaction 
varied with the amount of protein in the injected filtrate. All sensitized 
animals were positive to agglutination, precipitation, and opsonocytophagic 
tests. One group of rabbits, sensitized by intracutaneous injections of 
sonic filtrate, did not react to subsequent skin* tests but did react to the 
agglutination tests. Agglutination titre and the length of time before it 
disappeared were directly proportional to the amount of protein in the sen¬ 
sitizing injection of sonic filtrate. S.A.F. 

FEEDS AND FEEDING 

530. Experiments with Annual Crops and Permanent Pastures to Pro¬ 

vide Grazing for Dairy Cows in the Sandhill Region of the South¬ 
east. E. W. Faibes, J. R. Dawson* J. P. LaMaster, and G. H. 

Wise. U. S. Dept. Agr. Tech. Bull., 80f). Nov., 1941. 

The experiments reported in this bulletin were conducted at the Sandhill 
Expt. Sta., Columbia, S. C.* to determine the extent to which annual crops 
and permanent pastures could be used to provide grazing for dairy cattle 
on the light soils of the sandhill region of the Carolinas and Georgia, and to 
ascertain also the relative economy of these tw’o systems of providing nutri¬ 
ents for milk production. The experiments extended over a five-year period 
(1933-37) and utilized eight 2-acre grazing plots for the annual crops and 
a 6-acre pasture for the permanent pasture experiment. Annual crops 
selected w'ere (1) for winter and early spring grazing, a combination of oats, 
barley, rye, and vetch, and (2) soybeans and pearl millet for summer and 
early fall. Other crops given a trial were (1) corn interplanted wdth velvet 
beans for fall, (2) crimson clover and Italian rye grass for spring, and (3) 
pearl millet alone for summer. Seeding mixtures for the permanent pasture 
were (1) for lowdand pasture, common lespedeza, carpet grass, and w^hite 
Dutch clover; (2) for upland pasture, common lespedeza and Bermuda 
grass. Dallis grass and hop clover w’ere also used in the lowiand. 

The permanent pasture, while rather slow' in forming a satisfactory sod 
and w-ith a rather low carrying capacity, furnished nutrients much more 
cheaply than did any of the annual crops, singly or in combination. It is 
felt that the returns from the annual crops w’ould have been greater if they 
had been made into silage instead of being grazed. Least costly annual crop 
was pearl millet, most costly the combination of rye grass and crimson clover, 
at $11.87 and $65.89 respectively per ton of alfalfa hay equivalent. On the 
same basis the permanent pasture cost $8.20 per ton. J.G.A. 

531. Feedihg and Management of Dairy Calves. C. H. Staples and D. M. 

Sbath. La. Agr. Expt. Sta. Bull., 3d3. March, 1942. 

Suggestions on the feeding and management of dairy calves and year- 
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lini? heifers based on records of feed cost and growth of 196 Jersey and Hol¬ 
stein calves over a period of eight years (1928-1935) at L.S.U. J.G.A. 

532. Dairy Farm Management and Costs in Pennsylvania. W. L. Barr. 

Pa. Agr. Expt. Sta. Bui., 421. Feb., 1942. 

An analysis of 206 farm records shows that it cost an average of $2.26 
to produce and market a hundred pounds of milk from 1938 to 1940, and 
averaged $2.13, $2.34, and $2.32 for 1938,1939, and 1940, respectively. Feed 
and bedding costs averaged about 50%, man labor 30%, and other costs 20% 
of the gross cost of producing a hundredweight of milk. Returns per hour 
of labor from the dairy enterprise averaged 35(f in 1938, 23^f in 1939 and 29^ 
in 1940. Returns to the operators of these farms as measured by labor in¬ 
come were $594 in 1938, $560 in 1939, and $755 in 1940. The important 
factors responsible for variation in costs and returns were size of business, 
labor efBciency, and rate of productions. Author’s Abstract 

533. Profitable Permanent Pastures for Dairy Cattle. D. M. Seatu. La. 

Agr. Expt. Sta. Bull., 341. March, 1942. 

A description of fertilizer experiments with pastures during 1937-40 
inclusive in Claiborne, Lincoln, and Washington parishes, La. Reseeding, 
frequent mowing, and controlled grazing tended to increase the produc¬ 
tivity of the pastures from year to year. Annual fertilization accelerated 
this improvement. Fertilized pastures (350 pounds 4-12-4 in the fall, 50 
pounds NaNOa in May) averaged 58% more cow days of grazing, 64% more 
milk, and 44% more returns over cost of grain fed and fertilizer used than 
did unfertilized pastures. Annual returns showed an advantage of $16.05 
per acre for the fertilized pastures after deducting feed and fertilizer 
costs. Yields of air-dry hay»from protected areas in the pastures showed 
a 31% advantage for the fertilized areas and a 24% advantage in phos¬ 
phorus content of the fertilized hay. Basic slag applied to the previously 
unfertilized pastures in the fifth year showed a somewhat greater response 
than was evident that same year from the previously fertilized pastures. 
Recommendations are given for a definite pasture program based on these 
results. J.G.A 

534. Factors Affecting Profits from Dairy Herds. D. M. Seath and E. 

W. Neasham. La. Agr. Expt. Sta. Bull, 338. Feb., 1942. 

A study of D.H.I.A. records in Louisiana during 1938-40 inclusive, in¬ 
volving 32 herds in ’38, 33 in ’39, and 25 in ’40. Although it cost more to 
feed them, high yielding cows returned $2.40 more per $1.00 of increased 
feed cost than did the low producers. Grain feeding at the rate of 1 pound 
for each 3.0 to 3.4 imunds of milk proved the most prc^table. March to 
June, inclusive, were the high months both in production per cow and in 
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average return over feed cost. Of two herds of comparable breeding, the 
one provided with better roughage over a two-year period, showed an in¬ 
crease of a gallon of milk per cow daily and $71.04 greater return over feed 
cost per cow yearly. Recommendations based on the findings are given 
relative to breeding, culling, record keeping, and pasture production. 

J.G.A. 

535, The Effect of Feeding Some Fat-Soluble Dyes to Milking Cows 

upon the Color of the Milk Fat. C. F. Huffman and C. W. 

Duncan, Mich. Agr. Expt. Sta. Quarterly Bull., 2i, No. 1: 54-55. 

Aug., 1941. 

In studying the effect of different fats on milk and fat production the 
authors were interested in following food fat through the digestive tract 
and into the milk. For this imrpose five different fat-soluble dyes were 
fed, viz.; Sudan III, Sudan IV, Brilliant Green, Perfect Purple, and Nigro- 
sine Black. The dyes were mixed with 0.5 pound of crude soybean oil with 
the exception of the Sudan 1\^ which was mixed with solvent-extracted soy¬ 
bean oil meal. The dosage was 15 grams of dye all fed in one feed, except 
in case of Nigrosine Black where the dose w^as 45 grams. 

It is apparent that milk fat is readily stained by feeding these dyes. 
Earliest appearance of the dye in the milk fat was in the case of either 
Sudan III or Sudan IV, where it appeared in the next milking 12 hours 
later, and persisted for 144 hours. Some of the dyes were evidently altered 
in their passage through the cows’ systems; for example, Perfect Purple 
produced a green-colored butterfat, and Nigrosine Black a pink butterfat 
Either Sudan 111 or Sudan TV appears to be ])referable for this purpose to 
the other dyes used. J.G.A. 

536. A Cobalt Deficiency Observed in Some Michigan Dairy Cattle. A. 

C. Baltzek, B. J. Killham, C. W. Duncan, and C. F. Huffman, 

Mich. Agr. Expt, Sta. Quarterly Bull., 24, No. 1: 68-70. Aug., 
1941. 

In a study of the disease of dairy cattle colkxpiially known as “Grand 
Traverse or Lake Shore Disease” and recognized in Michigan for many 
years, clinical evidence w’as obtained which indicated that the condition is 
essentially due to cobalt deficiency. The blood of affected animals showed 
a very low concentration of hemoglobin; evidence of ketosis or phosphorus 
deficiency was lacking. The animals responded very quickly in appetite 
and vigor to the feeding of a cobalt supplement (either chloride or sulphate) 
although hemoglobin regeneration was slow. Preliminary investigation 
showed that the cobalt content of hay grown on affected farms is much 
lower than hay grown on farms in unaffected areas. J.G.A. 
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537. The Effect of a High Vitamin A Intake on the Blood and Milk Caro* 

tene of Holstein and Guernsey Cows. H. J. Deuel, Jr., L. P. 

Hallman, C. Johnston and P. Mattson, Dept. Biochem., Univ. 

Southern California, Los Angeles. Jour. Nutr., 2S, No. 6: 567. 

June, 1942. 

The cause of the depression of carotene in milk upon the addition of 
vitamin A to the ration was investigated, using 25 Guernsey cows in one 
experiment and 26 Holsteins in a second experiment. In each experiment 
the cows were divided into three groups: group one received 30 ml. of shark 
liver oil which furnished 700,0001.U. of vitamin A per cow per day; a second 
group received an equal amount of vitamin A as a concentrate assaying 
545,000 I.U. per gram; a third group were used as controls. In the second 
experiment, the group of Holstein cows which received the vitamin A con¬ 
centrate were fed different levels of vitamin A. 

The decrease in milk carotene appeared to be caused by the vitamin A 
per se, A constant decrease in blood carotene was also observed when the 
milk carotene was lowered. Approximately 4 weeks were required for the 
maximum lowering in carotene to develop while 7 to 10 weeks were required 
after the cessation of the vitamin A supplement for the return of carotene 
secretion to normal. 

The average increase in vitamin A was 47 units per gram of butterfat 
for 1,000,000 I.U. The maximum level of vitamin A observed was 331 I.U. 
per gram. About 3 per cent of the ingested vitamin A was recovered in 
the milk. C.F.H. 

ICE CREAM 

538. Substituting for Coconut Fat in Dipping Chocolate. J. J. Sheu- 

ring AND P. H. Tracy, Univ. Ill., Urbana. Ice Cream Field, 39, No. 

6: 28. June, 1942. 

Difficulty in obtaining coconut oil as a substitute for cocoa butter in 
chocolate coatings, extensively used in the ice cream industry, prompted 
the authors to try other fats for this purpose. They give the following as 
characteristics of good chocolate coating: 

(1) Pleasant flavor without waxy after effect in the mouth, (2) firm body 
w'hen cooled but not brittle enough to fall off ice cream bars while being 
consumed, (3) resistant to melting at room temperatures, (4) rapid solidi¬ 
fication when cooled on ice cream bars, (5) resistant to thickening when 
moisture is absorbed during dipping, (6) good dipping coverage at 100° 
to 110° F., and (7) uniform choco^te color. 

Experiments were conducted in which soybean oil, hydrogenated soybean 
oil, COSO oil, beef fat, hydrogenated cottonseed oil and corn oil were used as 
substitutes for coconut oil. Samples were prepared by diluting coating 
with 8 to 25% of domestic oils and fats, and compared with a standard milk 



ICE CREAM 


A221 


chocolate coating as a control. ‘‘The results indicate that 8 to 15% of low 
melting point fats and 30 to 25% of high melting point fats can be used 
successfully as substitutes for coconut oil. The best product was made by 
using a combination of 5% added hydrogenated soybean oil and 5% soy¬ 
bean oil.’’ 

They also state that using 10% cocoa, 40% powdered sugar, 35% hydro¬ 
genated soybean oil and 15% soybean oil could be used as a satisfactory 
coating for emergency use altliough it was not as desirable as one prepared 
from chocolate liquor. W.C.C. 

539. The Case for the Soda Fountain. L. G. Blessing, Pres, of Bastian 

Blessing Co. Ice Cream Field, No. 5; 14. May, 1942. 

The author quotes Joseph J. Hammer, attorney for the New York State 
Pharmaceutical Association, as stating that the soda fountain is an unde¬ 
sirable intruder in the retail pharmacy and that the fountain-luncheonette 
is “on the way out.” Statements and figures are then presented by the 
author to show that instead, the soda fountain is “on the way up.” 

According to the autlior, reports of the U. S. Department of Commerce 
show’ that in the United States in 1929 there were 34,844 drug stores with 
fountains and 23,434 without fountains. During the period 1929 to 1933 
the number of drug stores wdth fountains increased to 38,448, while 3,455 
stores without fountains either failed or voluntarily discontinued business. 
During the entire period 1929 to 1939 the reports show’ an increase of 13.2 
per cent in the number of drug stores with fountains and a decrease of 21.2 
j)er cent in the number of stores without fountains. 

The author conclude.s that during prosperity and depression a soda foun¬ 
tain makes a druggist’s investment safer and more profitable than it w’ould 
be w’ithout one. W.C.C. 

540. Testing Ice Cream for Fat by the Pennsylvania Method. W. D. 

Sw’OPE, Pa. State College, State College, Pa. Ice Cream Field, 39 , 

No. 5: 16. May, 1942, 

According to the author approximately 3,000 carefully controlled tests 
w’ere made during a ten-year period to find reagents w'hicli would prevent 
carbonization of added sugar, give a clear fat column, and upon centri¬ 
fuging, completely liberate fat from dairy products containing chocolate 
or added sugar. The approved Mojonnier method w’as used as a comparison 
for all of these tests. 

The Pennsylvania method has been developed as a result of these tests. 
It makes use of regular Babcock test equipment and reagents that are readily 
obtainable from chemical supply houses. The reagents are: (1) ammonium 
hydroxide, 28 to 29 per cent NH3, (2) normal butyl alcohol, b. p. 117^^ C., 
(3) diluted sulphuric acid, specific gravity approximately 1.72 to 1.74. 
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Details of preparing the samples and the procedure to follow in testing 
are given. 

Tabulations of results obtained by this method show them to be in very 
good agreement with the approved Mojonnier method. It is concluded that 
the Pennsylvania method is well adapted for determining the percentage 
of fat in ice-cream mix as well as ice cream of all flavors. It is stated fur¬ 
ther that comparable results can be obtained by different operators. 

Information regarding the testing of other dairy products by this method 
may be found in Pennsylvania Agricultural Experiment Station Bulletin 
412. W.C.C. 

541. 1941 Ice Cream Sales Hit All-Time High. O’Neal M. Johnson^ 

Statistical and Accounting Bur. Ice Cream Trade Jour., No. 

5:19. May, 1942. 

Ice cream sales hit a new high in 1941. The percentage of gain, based 
on reports from 773 manufacturers, was 18.27%. Increases by period were 
January-April, 21.05%, May-August, 17.22%, and September-December, 
20.75%. December, 1941, 'was the fifteenth consecutive month in which the 
nation showed increased ice cream sales over the corresponding month of 
the previous year. By sections, the North Atlantic Area had an increase 
of 18.62% for the year. Central East Area, 17.94%, Middlewest Area, 
15.84%, Southern Area, 26.29%, and the Western Area an increase of 
9.97%, Arizona and New Mexico were the only states not showing an in¬ 
crease. Part of the Southern Area increase was due to a concentration of 
army camps in that region. Temperatures for 1941 were exceptionally 
favorable except during February and March. W.H.M. 

542. Sugar and Sherbets in Wartime. R. I. Masurovskt, Res. Ed. Ice 

Cream Trade Jou^., 38, No. 5: 32. 1942. 

Sherbets are more important to the dairy industry now than they were 
in the first World War. Many manufacturers are decreasing the sugar 
content of their ice cream mix one or two per cent and the sherbet mix may 
be done likewise without serious ill effects. Corn sweetness or invert sugar 
should be used in combination with cane sugar in sherbets and the numbers 
of flavors offered diould be reduced to two or three. W.H.M. 

543. A Neglected Phase of Frozen Desserts Sanitation. F. W. Fabian, 

Res. Prof, of Bact., Mich. State Col., Bast Lansing, Mich. Jour. 

Milk Technol., 5, No. 2:106. Mar.-Apr., 1942. 

Next to milk, frozen desserts a:^e the important cause of epidemics. 

The ingredients, such as coloring material, flavoring extracts, fruits and 
nuts, going into the mix after pasteurization should be given a germicidal 
treatment equivalent to pasteurization. Treatments for so doing are 
discussed. L.H.B. 
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544. How Methods and Promptness of Cooling Affects the Quality of 

Milk. A. J. Gelpi, C. S. McCleskey and D. M. Seath. La. State 

Univ. Bull., 314. 1942. 

Comparisons were made between milk cooled in 10-gallon cans in a motor- 
stirred water tank (33°-40® P.) that cooled on a surface tubular cooler fol¬ 
lowed by holding in milk cans in 33*^ to 40® P. water, and that cooled on a 
conical cooler followed by holding in milk cans in 33® to 40® P. water. 

Slightly higher bacterial counts were obtained in the milk cooled in cans. 
Delayed cooling (2 hours) did not materially affect the quality of the milk 
when it was cooled over a tubular or conical cooler. When the subsequent 
cooling was done in the milk can a significant increase in count after holding 
]2 hours resulted from the delayed cooling. 

There was no significant difference in the flavor of the milks cooled by 
the three different methods. 

Can cooling in an over-loaded cooling tank was the least effective cooling 
method studied. P.H.T. 

545. Supply Responses in Milk Production in Southeastern Minnesota. 

B. G. Strand and E. Hole. U. S. Dept. Agr.,Technical Bull., 798. 

1941. 

The primary puri)ose of this bulletin was the determination some years 
in advance of a long-time supply schedule for butter fat in an area composed 
of flve counties in southeastern Minnesota. Past trends in production were 
analyzed for the area as a whole and estimates were formulated of the future 
production of the area in three possible future price situations: (A) a con¬ 
tinuation of 1935 normal prices; (B) a 20% increase in butterfat prices; 
and (C) a 20% decrease in butterfat prices. 

Briefly the changes that occurred in the area from 1927 to 1938 were as 
follows: butter-fat production apparently increased about 12%, due to a 
corresponding increase in number of cows. Peed producing capacity was 
increased 13%. Due to drouth and the A.A.A. program hog production 
was drastically reduced in 1934, but later the trend was distinctly upward 
again. Since 1935 production of beef cattle has tended to increase. Poultry 
and sheep have tended to increase during the entire period. Reduction in 
number of horses has continued. 

Assuming continuation of the normalized prices prevailing in this area 
in 1935 (situation A), the normal production of butterfat in the area will 
be 9% higher in 1945 than it was in 1936. 

Assuming an increase in the relative price of butterfat (situation B), 
some transfer of resources from hogs and poultry to dairy cattle may be 
expected. However, dairying is not sufficiently superior on many farms 
to warrant more than a moderate increase in it at the expense of other 
enterprises. 
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Assuming a relative decline in butterfat prices (situation C) its produc¬ 
tion is expected to be ^slightly less than the normal output in 1935. This 
contraction would be relatively larger than the estimated expansion under 
situation A. 

Comparisons with areas in New England and Wisconsin indicate that 
responses in dairy production are influenced by alternative enterprises and 
by changes within the dairy enterprise itself. J.G.A. 

546. Technical Control of High-Temperature> Short-Time Equipment. 

D. M. Roger, Borden’s Farm Products, Brooklyn, N. Y. Internatl. 

Assoc. Milk Dealers, Assoc. Bui., 34, No. 17: 376. 1942. 

In checking the holding time of a STHT unit it is recommended that a 
cross check be made by two methods, one the conductivity method and the 
other a calculated holding time based upon the capacity of the holding tube 
in quarts per second. The calculated holding time will fall upon a straight 
line graph and the nearer the conductivity results fall on a straight line 
parallel to it the more reliable they are. Deviations from a straight line by 
more than .5 seconds should be regarded with suspicion. E.P.G. 

547. Experimental Work on Deaeration of Milk. P. P. Sharp, D. B. 

Hand and E. S. Guthrie, Cornell Univ., Ithaca, N. Y. Internatl. 

Assoc. Milk Dealers, Assoc. BuL, 34, No. 17: 365. 1942. 

The defect, oxidized flavor, in milk can in general be prevented by deaer¬ 
ation of the milk and by bottom up filling to prevent reincorporation of air 
so that the final product contains below 0.4 to 0.5 mgs. of oxygen per liter. 

Data on summer milk as received at New York City pasteurizing plants 
indicates 13 mgs. of reduced and 4.5 mgs. of dehydro ascorbic acid and 
9.5 mgs, of oxygen per liter. Oxidation of the ascorbic acid is hastened by 
copper contamination in country milk plants. Morning’s milk received at 
the country plants contained 20.4 mgs. of reduced and 0.5 mgs. of de¬ 
hydro ascorbic acid per liter and night’s milk 18.8 mgs. and 1.5 mgs. 
respectively. Hand milking introduced more oxygen than machine milking, 
the averages being 5.8 and 4.7 mgs. respectively. 

Streptococcus lactis activity sufficient to produce 0.05% developed acid¬ 
ity was necessary to retard oxidation of reduced ascorbic acid. It is thought 
by the authors that retardation of oxidized flavor by bacteria may be due to 
factors other than removal of oxygen. Extensive tabular data support the 
above points. E.P.G. 

548. First Annual Producers’ Meeting—Introductory Roarks. B. C. 

Rouche, Telling-Belle Veriton Co., Cleveland, 0. Internatl. Assoc. 

Milk Dealers, Assoc. Bui., 34, No. 19: 401. May, 1942. 

A sample producers meeting is reproduced. These meetings are for 
the purpose of discussing producers timely subjects. In this sample meet- 
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ing an address is f?iven by J. C. Nisbel, Extejision Director of the Am. 
Jersey Cattle Club on the subject “Efficient Milk Productionand an Ohio 
4-H Calf Club demonstration on the care and haiidlinj»: of a milking machine. 
Specific directions and a suggested hour to hour program are given for such 
a producers meeting. E.P.G. 

549. Are Standard Costs Practical in Our Industry? W. T. Oranlund, 

White Bros. Milk Co., Inc., No. Quincy, Mass. Internatl. Assoc. 

Milk Dealers, Assoc. Bull., J4, No. 18: 395. 1942. 

Since standard costs furnish performance goals the effect of the use of 
this system upon efficienc}’^ is important. The standard cost system is di¬ 
vided into (1) City Plant, (2) Containers, (3) Selling and Delivering. The 
above items are further broken down. Each month a variance sheet shows 
the dilEeren(‘,e between actual cost and that of the standard cost system. 

‘ E.P.G. 

550. Can Operating Costs be Reduced by the Use of Multiple Containers? 

Charles A. Aemitage, United Farmers Cooperative Creamery 

Assoc., Inc., Boston, Mass. Internatl. Assoc. Milk Dealers, Assoc. 

Bui., No. 18:387. 1942. 

Summing up the plant savings which can be made in putting out milk 
in two-quart rather than one-quart bottles the conclusion is reached that this 
amounts to about one-quarter of a cent per quart or a total saving of one- 
half cent on the two-quart container. The general statement is made that 
the saving in deliver^" should be much greater than in plant operation but 
no figures are given. E.P.G. 

551. Methods for Compensating Routemen when Routes are Split. 

Samuel Gailey, Supplee-Wills-Jones Milk Co., Philadelphia, Pa. 

Internatl. Assoc. Milk Dealers, Assoc. Bui., 34, No. 18: 383. 1942. 

An equitable formula in compensating a routeman when his route is 
split should give consideration to the following factors: 1. Present method 
of compensation—^A basic weekly wage will not be reduced but commissions 
will be. 2. Stabilization of the earnings of the routeman. Compensating 
for commissions until these can be built up again. 3. Reasonable cost to 
the company. So that new business will not be too costly. 

The following formula has been included in union agreement and 
bas been found practicable from the standpoint of labor and management. 
“When a route is split, the routeman shall receive in addition to the amount 
actually earned on such route as split for the first week after the split, an 
amount equal to the weekly loss in commissions due to the split. Thereafter 
this amount shall be progressively reduced each su(*,ceediiig week by an 
amount obtained by dividing such weekly loss in commissions due to the 
split by one-half of the number of quarts lost due to the split.’’ Such pro- 
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{^ressive weekly reduction is to continue until the amount equal to the weekly 
loss due to commissions due to the split has been exhausted. The * Weekly 
loss in commissions due to the split” is the weekly commission on the aver¬ 
age weekly sales to the customers taken from the route for four weeks prior 
to the split; and the number of quarts lost due to the split ”is the average 
daily number of quarts delivered to such customers during such four-week 
period.” The above is based upon keeping the routeman's compensation 
level by the acquisition of two quarts of new business per week. B.P.G. 

552« Effect of Water Bacteria on Quality of Dairy Products. W. B. 

Sables Univ. Wis., Madison. Natl. Butter and Cheese Jour., 33 , 

No. 7:14. July, 1942. 

Bacteria from air, soil and sewage may contaminate water; for use in a 
dairy plant water must be free of sewage pollution and should contain very 
few bacteria of air or soil origin. Water from cooling tanks or water used 
for rinsing equipment may get into milk; washing buttermilk from butter 
illustrates how water may contaminate a manufactured product. Water¬ 
borne contamination may cause May apple flavor, rancid, putrid, <*heesy, or 
unclean flavors and gassiness in milk or cream held at 32° to 50° F. for more 
than one day; similar defects may be expected in bulk evaporated milk 
stored at 32° to 45° P. for several days. Water bacteria in butter may 
cause May apple flavor, rancid, potato, cheesy, skunk and putrid flavors; 
churns or equipment may be carriers of such bacteria. Water bacteria may 
cause gas or bitter flavors in cheese. The bacteriological quality of the 
water supply should be determined frequently; pasteurisation or chlorine 
disinfection should be used when necessary for water that may contaminate 
the equipment or products. W.V.P. 

« 

553. Detecting Bloody Milk. H. J. Bbukokker, Cornell Univ., Ithaca, 

N.Y. Am. Milk Rev., 5, No. 11:260-261. 1941. 

Bloody milk may be detected by allowing the first few streams to flow 
ov^r a piece of black bakelite, on which it appears to have a pink color. If 
a half pint is held 12 hoars the cream layer may show the presence of blood. 
Or the first few streams of suspected milk may be placed on filter paper, a 
few grains of powdered benzidine added, followed by a few drops of glacial 
acetic add, and 4 to 6 drops of hydrogen peroxide. A positive test is indi¬ 
cated by a bine to green diseoloratiou. P.S.U. 

554. Flexible Prices for Milk. Lbland Spengeb, Cornell Univ., Ithaca, K. 

Y. Am. Milk Rev., 4, No.d: 10-11. 1942. 

Determination of a jnst pri(» and delay in adjustment to changing con¬ 
ditions are two mejor difficulties in .fixing milk prices. The lat^ difficully 
may be solved by adoption of a fbimula for settiitg the price. A few objee* 
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tions to prices set by production costs are purehasiug power of consumers 
and competition from other buyers of milk. Judgment must be exercised, 
depending upon the quotations upon which the formulae are based and 
unusual conditions such as drought. P.S.L. 

555. Homogenization of Milk to Prevent Excessive Fat Rising. H. J. 

Bkueckner, Cornell Univ., Ithaca, N. Y. Am. Milk Rev., 3, No. 10: 

235-236. 1941. 

No advantage was found in using two-stage homogenization to prevent 
fat rising. A pressure of 3000 pounds was necessary with the single stage 
at pasteurizing temperature, and produced milk meeting the standard of 
the American Public Health Service. If milk below the upper hundred ml. 
portion tests 4%, that in the upper one hundred ml. layer must test no more 
than 4.2%, or 5% greater than the body of the milk, after 48 hours storage. 

P.S.L. 

556. Factors in Price Determination. Leland Spencer, Cornell Univ., 

Ithaca, N. Y. Am. Milk Rev., 4, No. 1:16-17. 1942. 

The Federal Marketing Agreement Act of 1937 set up parity of purchas¬ 
ing power as the major consideration in setting milk prices, although under 
certain conditions this consideration may be set aside entirely. Reliable 
statistical data as to demand, supply, and price levels, are essential for sound 
price making, and they must be utilized intelligently in forecasting condi¬ 
tions. ‘Each factor must be weighted to judge its relative value. Examples 
from the New York market are given to illustrate those changing factors 
that must be given consideration in arriving at as near just prices as possible. 

P.S.L. 

557. Minnesota Babcock Test Reagent. S. T. Coulter, Univ. Minn,, 

Minneapolis. Am. Butter Rev., 3, No. 8; 282. 1941. 

Minnesota reagent has proved satisfactory for use in schools where 
danger from acid is a factor, but is not advised in states not recognizing the 
test in the buying of milk and cream. It has proved very satisfactory for 
the testing of ice cream and condensed milks in laboratory control but has 
not been considered an official test. For buttermilk testing it has given 
results that may be duplicated. P.S.L. 

558. Effective Can Washing. V. Schwartzkopf, Lathrop-Paiilson Co., 

Chicago, Ill. Am. Butter Rev., 4, No. 1:10-16. 1942. 

A complete resume of results secured in several plants through use of 
Mikro San acid for can washing is given. A cleaner and more nearly sterile 
can was secured through its use due to atomization of the cleaner, use of 
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clean wash water, removal of solids from wash water, high temperature 
wash water, longer exposure to heat, rapid drying, prevention of stone for¬ 
mation, and keeping the can on the neutral or acid side. The cleaner re¬ 
duced greatly the thermophylie, thermoduric, lipolytic, and proteolytic 
types of bacteria. It reduced steam costs 30 to 60%, feed water 50 to 75%, 
detergent 70%, and required less labor. Other benefits from the use of a 
cleaner of acid reaction were listed. ' P.S.L. 

559. Symposium: Opportunities for Reducing Operating Cost. (A) 

Butterfat Cost. F. Bruce Baldwin, Jr., Baldwin Dairies, Inc., 
Philadelphia, Pa. Intematl. Assoc. Milk Dealers, Assoc. BuL, 
34 , No. 15: 325-330. Feb., 1942. 

The butterfat method of accounting for milk plant losses is suggested 
as the most accurate. Losses beyond 2% are considered excessive. By a 
record of weights of milk and cream used by each department, drip sampling 
on flow lines and by vat sampling it is possible to locate the department in 
which losses occur. Affecting the accuracy of a fat accounting system are 
(1) accuracies of counting by plant men, (2) accuracy of tests, (3) suitable 
conversion factors. Conversion factors appropriate to the temperatures 
actually used should be employed. B.F.G. 

560. Symposium: Opportunities for Reducing Operating Cost. (B) 

Plant Cost. J. F. Malone, Borden-Wieland, Chicago, Ill. Inter- 
natl. Assoc. Milk Dealers, Aasoc. Bui., 34 , No. 15: 331-336. Feb. 
1942. 

More than 90% of all milk plant operating costs are made up of the fol¬ 
lowing : labor, property expense, caps, cartons, parchment, repairs to build¬ 
ings and equipment, product waste, fuel, electricity, bottle breakage, 
washing powder, and water. Labor represents about 50% of all plant costs 
and should be broken down by operations so that excessive amounts of labor 
or variations in requirements will be evident by noting the labor require¬ 
ments per unit of product. Accurate figures on usage for various supplies 
will disclose when current consumption is excessive. B.F.G. 

561. Public Health Aspects of Reciprocal Inspection of Milk and Cream 

Supplies. George W. Grim, Ardmore, Pa. Intematl. Assoc. 
Milk Dealers, Assoc. Bui., 34 , No. 14 : 319-322. Feb., 1942. 

The primary responsibility for enforcing requirements “looking to 
the promotion of quality sanitation and decency in practices prevailing 
upon dairy farms producing milk afterwards to be pasteurized rightfully 
belongs to the buyer of milk, not to the Health Department. The Health 
Department of the state or city should be expected to assume the most active 
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ofScial supervision which at all times should be secondary to the control 
and supervision of the buyer.” The Health Dei)artment discharges its 
major responsibility which is protection of health wlien it assures super¬ 
vision of effective pasteurization. Needless duplication of inspection of 
dairy farms could be eliminated by fairly uniform rules and regulations 
together with reciprocal arrangements. The details of regulations with ref¬ 
erence to quality should come from buyer suggestions. E.F.G. 

562. Reciprocity Inspection of Milk and Cream Supplies. Tom G. Stitts, 

U. S. Dept. Agr., Washington, I). C. Interiiatl. Assoc. Milk 

Dealers, Assoc. Bui., 34, No. 14: 313-318. Feb., 1942. 

Reciprocity in general is ‘^The full acceptance by each of two or more 
milk inspection authorities of the inspection and certification of each other.” 
Four types of reciprocity are: 1. Between plants in the same milkshed; 
2. Between cities receiving milk from the same milkshed; 3. Between separate 
milksheds; 4. Between widely separated milksheds. 

Although the first two are clearly advisable, real ditference of opinion 
exists with regard to the last two. Technical, economic and political factors 
are involved. It is contended tliat although the lack of reciprocity has 
been to raise milk and cream prices this rise has been negligible. It is stated 
that reciprocity between milksheds would discriminate against local milk 
dealers and favor the development of national and regional chain-dealer 
organizations. A marked loss of bargaining power by local producer co¬ 
operatives would result in a trend to larger cooperatives. Changes will 
undoubtedly come involving simplification and standardization, but the 
desire of the public for fresh milk and their confidence in the inspection 
service under which it is produced are important considerations. E.F.G. 

563. New Areas of Supply and Demand. J. L. Davies. Milk Indus., 24, 

No. 10:23. 1942. 

Taking the total sales of milk in 1941, consumption in Great Britain as 
a whole was about twenty-five per cent higher than in the pre-war period. 
The increase was greatest in the North and while milk travelled South in 
large quantities before the war, the movement in 1941 was the other way. 
The greatest increase in consumption was by families with the lower incomes 
per head. 

Following the great increase in consumption of milk, it has been neces¬ 
sary to draw supplies of liquid milk from the more remote parts of the 
country. A high proportion of this milk is produced on small farms where 
there are inadequate facilities for cooling and preparing the milk for the 
liquid market, resulting in difficulties through souring. 

The most important change, perhaps, is the increase in the number of 
small producers since 1939. No less than 25,000 farms, mostly small, have 
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placed their milk on the market for the first time. About half the total of 
150,000 producers have less than twelve cows. Only about 25,000 farms are 
accredited. J.J.S. 

564. Turn Off the Heat. Anonymous. Natl. Batter and Cheese Jour., 33 , 

No. 5:12. May, 1942. 

It is essential for quality control and economy that milk and cream 
should be cooled promptly and to a low temperature. Common methods are 
described and a U. S. Geological Survey map of the United States is given 
showing well-water temperatures at 30 to 60 ft. depths. W.V.P. 

PHYSIOLOGY 

565. Clinical Observations on the Use of Elquine Gonadotropin in the 

Mare and Cow. H. S. Cameron, Univ. Calif. Jour. Amer. Yet. 

Med. Assn., 100 , No. 778 : 60. Jan., 1942. 

“Nine mares and 46 cows were treated with equine gonadotropin in an 
attempt to induce estrus where the cycle was dormant. All of the mares 
responded within ten days, whereas 25 cows failed to respond. Judging 
from the results, the hormone was highly effective in mares, considerably 
less effective in cows.” S.A.P. 

566. Increase in Weight of Gonads Following Injection of Single Male 

Rat Pituitary. E. P. Beece and E. J. Weatherby, N. J. Agr. 

Expt. Sta. Proc. Soc. Expt. Biol, and Med., 49 , No. 2: 218. Feb., 

1942. 

Pituitary glands were collected from 80 sexually mature male rats and 
injected into eighty 24- to 26-day-old female rats. Injections were made 
subcutaneously twice daily for 4 days and the recipients killed 100 hours 
after the first injection and the ovaries weighed. For controls the ovaries 
of fifty-seven 28- to 30-day-old non-injected rats were weighed. Average 
ovarian weight of the control animals was 13.4 mg. whereas that of the 
injected animals was 54.8 mg. Sixteen similar pituitary glands were in¬ 
jected into 16 one-day-old male white Leghorn chicks and the testes weighed 
100 hours after the first injection. Thirty chicks receiving no treatment 
served as controls. Average testicular weights of the control and of the 
injected chicks were 9.5 mg. and 15.4 mg. respectively. B.P.B. 

567. Effect of Estrone on Lactogen Content in Pituitary and Blood of 

Male Rabbits. JosBPft Msites and C. W. Turner, Univ. Mo. 

Proc. Soc. Expt. Biol, and Med., 49 , No. 2:190. Feb., 1942. 

Three groups of male New Zealand White rabbits were injected with 3 
different levels of estrone and a fourth group served as controls. Pituitary 
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assays revealed that a considerable increase in lactogen content was obtained, 
although a dosage of 5000 I.TJ. of estrone produced a smaller increase than 
did either 500 or 1000 I.U. Assays of whole untreated rabbit blood showed 
that a definite increase in the release of lactogen into the blood was secured 
following estrone injection. R.P.R. 

568. Role of Estrogen in the Stimulation of Mammary Lobule-Alveolar 

Growth by Progesteron and by the Mammogenic Lobule- 
Alveolar Growth Factor of the Anterior Pituitary. John P. 
Mixneb and Charles W. Turner, Univ. Mo. Endocrinol., 30^ No. 
2:591. April, 1942. 

The range of dosage which would best synergize with 1 mg. of proges¬ 
terone in stimulating mammary lobule-alveolar growth in the ovariectomized 
virgin mouse was found to be quite wide; however, a dosage of 100 I.U. was 
found to be optimal. When progesterone was injected alone approximately 
6 times as much was required to obtain the same degree of alveolar growth 
as when estrone was simultaneously administered. Estrone also markedly 
enhanced the ability of pituitary material to elicit alveolar growth. Estrone 
in large amounts inhibited the activity of progesterone on the mammary 
glands but did not inhibit the activity of pituitary materials. It was found 
that estradiol benzoate and diethylstilbestrol could be substituted for es¬ 
trone as a synergist witli progesterone to induce mammary lobule-alveolar 
growth. R.P.R. 

569. Growth of the Male Guinea Pig Mammary Gland with Diethylstil¬ 

bestrol. A. A. Lewis and C. W. Turner, Univ. Mo. Endocrinol., 
o'd,No. 4: 585. April, 1942. 

Groups of 3 to 5 male guinea pigs were injected subcutaneousJy daily 
with 0,01 to 50 micrograms of diethylstilbestrol. No obvious signs of main 
duct growth were apparent; however, some extension of the duct sy.stem 
appeared to have occurred at dose levels of 0.1 microgram and above. Lobule 
growth occurred in all groups showing duct extension. The early formed 
lobules contained no alveoli but when developed further alveoli were nu¬ 
merous. The development of male mammary glands did not compare favor¬ 
ably with that secured in a single treated female. Secretion was not observed 
in the male glands with alveoli. The teats of male guinea pigs in all groups 
were larger than those of the controls. Doses of diethylstilbestrol higher 
than 0.1 microgram caused no greater growth than did 0.1 mierogram. 

R.P.R. 

MISCELLANPIOUS 

570. The Treatment and Disposal of Waste Waters from Dairies and 

Milk Products Factories. Technical Paper No. 8. Water Pol¬ 
lution Research Board of Great Britain, His Majesty’s Stationery 
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Office, London. (In IT. S. A. can be obtained at British Library 
of Information, 30 Rockefeller Plaza, N. Y.) 

The publication of this investigation on the disposal of dairy wastes will 
be welcomed in this country as much as in Great Britain where the work was 
conducted. Some years ago the Water Pollution Research Board was faced 
with the problem of devising a satisfactory method of purifying the pol¬ 
luting waste washing waters from dairy plants. An intensive investigation 
was initiated which covered a period of seven years. The experiments made, 
and the results obtained, with the conclusions and recommendations derived 
from them, are described in this report. These results should give confi¬ 
dence and direction to anyone confronted with the dairy waste problem, 
since a practical and economical method of waste treatment has now been 
designed for the special needs of our industry. 

In reading the report one is impressed with the scope and thoroughness 
of the investigation. Two factors skillfully attended to in planning the 
investigation were no doubt responsible for the success attained in studying 
and appraising the various waste purifying processes. First, the investi¬ 
gation was conducted by a well-organized “corps of experts” including 
several engineers, chemists and biologists. Secondly, after preliminary lab¬ 
oratory and small-scale experiments, two experimental plants for work on 
a commercial scale were installed at a United Dairies milk and cheese plant. 
One treatment plant consisted of two percolating filters, each 25 feet in 
diameter, while the other plant was designed for treatment of milk effluents 
by the activated sludge process with aeration by bubbles of air passed 
through diffusers. The functioning of these plants was carefully studied 
for three years, and the results furnish much of the evidence presented in 
the report. 

The results of the investigation showed that dairy wastes could be most 
satisfactorily purified by treatment in two percolating filters in series, with 
periodic change in the order of the two filters. By this method final efflu¬ 
ents of high quality were obtained. 

In general, satisfactory treatment of milk wastes by the activated sludge 
process was more difficult to control and the process was somewhat easily 
upset by flushes of liquid of abnormally high strength. 

Plans, drawn to scale, of the double filtration plant and the activated 
sludge plant are included in the bulletin. There is a section devoted to a 
study of the organisms on the surface of the filters and those in the activated 
sludge. An appendix includ(;s methods of analysis of crude waste waters 
and treated effluents, notes on organisms isolated during the investigation 
and results of tests on the action of dairy waste waters on cement products. 

J.H.E. 
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571. Paint in the Dairy Plant. W. K. Hoffman, Pittsburgh Plate Glass 

Co,, Memphis, Tenn. South. Dairy Prod. Jour., Jl, No. 5: 24. 

May, 1942. 

Directions are given for interior painting of dairy plant. White enamel 
consisting of resin and little or no oil are preferable to those containing 
substantial amounts of oil. The first type requires a foundation flat white 
coat for adhesion. One-coat products become yellow upon exposure as the 
oil which they contain oxidizes. 

In cases where gray, black or orange spots of mold, fungus or ‘‘mildew’’ 
occur, the thorough washing of all surfaces is necessary. Trisodium phos¬ 
phate or other equally effective compounds should be used. After this, the 
surfaces must be sterilized with products which liberate available chlorine 
to prevent the growth of fungus beneath or through the coats of paints which 
follow. A two-coat fume-resistant finish, free from oils capable of support¬ 
ing mold growth and containing anti-mold compounds should follow. 
Strong poisons, such as bi-chloride of mercury should be avoided. It is 
desirable to apply to the dry painted surface a wash coat of clear fungicide 
as an added precaution. Ajiplication may be made with calcimine brushes 
or sponges. Such treatment should prevent growth of mold into the paint 
film, but growth in food deposits upon the surface may occur. 

Maintaining paint on concrete floors is a very difficult problem. The 
presence of moisture beneath the floor and the dusting of concrete cause 
most failures. Old paint which is peeling should be entirely removed. 
The use of tri-sodium phosphate cleaning solutions and, if grease or oil is 
present, free alkali cleaners are recommended. Following thorough wash¬ 
ing with clear water, the surface should be etched with a solution of one 
part of muriatic acid and three parts of w^ater. 

The painting of refrigerator pipe lines before peeling and scaling occur 
is recommended. Paints and primers of the zinc chromate bakelite type 
are vastly superior to iron oxide or red lead products. 

Light-colored paints low in degree of gloss provide the maximum distri¬ 
bution of light and minimum of glare. P.W.B. 

572. Tr€nds in Dairying by Major Type-of-Farming Regions. W. F. 

Pinner and R. L. Mighell, U. S. Dept. Agr., Technical Bull., 751, 

Jan., 1941. 

The principal purpose of the investigation here reported was to examine 
recent regional trends in dairying in the major type-of-farming regions of 
the United States. This was an initial step in a more complete analysis 
leading to careful estimates of probable long-time supply responses or trends 
for each region, under each of several possible sets of price relationships. 

For many years there has been a marked and fairly continuous upward 
trend in milk production and in the number of milk cows in the U. S. This 
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report examines the changes since 1928 by major type-of-farming regions. 
The Cotton Belt showed the highest rate of increase in number of milk cows 
from 1928 to 1939 j this region, the com belt, and the dairy region account 
for about 65 per cent of the total increase in milk production for the period. 
It is evident that much of the additional milk production in the Cotton Belt 
and in some of the other regions has been consumed locally, and that much of 
the increase in the Cotton Belt was on farms with small herds (3 cows or 
less). 

Changes in the agriculture of selected areas have been examined for an 
explanation of the changes in dairying. In northern Vermont increases in 
production have been explained on the basis of increases in available feed 
as a result of improved fertilizer practices on grass and hayland. Dodge 
County, Wisconsin, also has increased dairy production largely through pro¬ 
duction of more feed on additional cropland and by growing more legumes. 
In the south it appears that dairy production is related to shifts out of cotton 
into feed crops and pasture, to reduction in the number of horses and mules, 
to the use of cropland not previously in production, and to the establishment 
of dairy manufacturing plants. J.G.A. 

573, Care of Equipment. B. H. Forster, Cherry-Burrell Corp., Cedar 
Bapids, Iowa. Ice Cream Field, 39, No. 5: 13. May, 1942. 

The author considers the following of paramount importance for the 
proper maintenance of equipment. (1) Definitely assign responsibility for 
maintenance of each machine. Unless this is done proper lubrication and 
other necessary operations are not likely to be performed. (2) Inspect 
machinery at regular intervals. This should be done by one or more ex¬ 
perienced and responsible persons. (3) Keep complete accessible file of 
installation, instruction and maintenance manuals and parts lists. (4) 
Keep complete file of data contained on name plates of all machines, motors, 
electrical starting equipment and miscellaneous equipment used. Attach 
this data to the parts lists. (5) Follow manufacturers, lubrication instruc¬ 
tions to the letter. Considerable emphasis is placed on the importance of 
proper lubrication. (6) Make mechanical adjustments regularly. Do not 
wait until machine operation is affected. The cause should be determined 
before attempting major adjustments. (7) Maintain reasonable stock of 
replacement and repair parts. (8) Know your electrical equipment and 
get professional help on care and maintenance if necessary. (9) Train 
plant personnel in habits of careful handling of machine parts and provide 
equipment that will permit and qpcourage this practice. (10) Keep ma¬ 
chinery properly cleaned. 

The author states that machinery manufacturers, aware of the impor¬ 
tance of proper maintenance, are helping plant operators and superinten¬ 
dents in the proper maintenance of thek machinery, W.C.C. 
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574. Care of Equipment. A. W. Parrall, Creamery Package Mfg. Co., 

Chicago, III. Ice Cream Field, 39, No. 5: 13. May, 1942. 
Accompanying the author’s discussion are the following ‘‘ten command¬ 
ments”: (1) Bead the manufacturer’s instruction manual. The operator 
as well as the plan superintendent should do this. (2) Observe a regular 
lubrication program, using the correct lubricant for the job. (3) Train the 
operator so that he understands the principle of operation of his machine. 
Do this before he has done unnecessary damage. (4) Don’t drop parts on 
the floor. Use a rubber or composition mat for supporting washed parts. 
(5) Don’t overload the equipment. (6) Replace worn parts before they 
actually give out and cause breakage of other parts. (7) Provide good 
support for sanitary pipe lines. (8) Don’t pound sanitary fittings. Use 
a wrench. (9) Follow the manufacturers’ recommendations regarding 
cleaning procedure. Don’t dump washing powder in the bottom of a vat. 
(10) Keep brine properly neutralized and treated so that it is not corrosive. 

Emphasis is placed on proper sterilization by heat or chemicals and brief 
instructions given in each (*ase. Special instruction is also given for the 
care of ice cream freezers, homogenizers and refrigeration equipment. 

W.C.C. 

575. Care of Equipment. George D. Armerding, Mojoimier Brothers Co., 

Chicago, 111. Ice Cream Field, 39, No. 5: 12. May, 1942. 

The author gives the following “commandments,” and briefly but effec¬ 
tively discusses and illustrates each: (1) Keep equipment clean. (2) Do 
not abuse your equipment. (3) Lubricate thoroughly and intelligently. 
(4) Practice regular inspection and prompt repairs. (5) Organize your 
efforts. (6) Conserve available material. (7) Provide proper tools. (8) 
Follow instruction manuals. (9) Study available substitutes. (10) Use 
some common sense. W.C.C. 

576. Distribution; Trucks, Gasoline, and Labor. Arthur C. Butler, 

Automobile Mfrs. Assn., Washington, D. C. 1. A. I. C. M. Prod, 
and Lab. Council Proc,, p. 69. 1941. 

Motor transportation problems in relation to national defense w^re dis¬ 
cussed in this paper. Necessity for maintenance of transportation, heavy 
and medium trucks, replacement material, priority ratings, and rubber 
shortage and the problems they involve w^ere explained and emphasized. 

P.S.L. 

577. Efficient Utilization and Substitutes for Cork. L. E. Cover, Arm¬ 

strong Cork Co., Lancaster, Pa. I. A. I. C. M. Prod, and Lab. 
Council Proc., p. 55. 1941. 

When cork board was placed on the mandatory priority S 3 "stem in June, 
1941, defense requirements were given first consideration and food preser- 
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vation at temperatures, lower than 20° F. given next preferential rating. 
Allocations for repair and maintenance have been small and vary from 
month to month. Used with corkboard in truck bodies Temlok and Fiber- 
glas have proved relatively eflScient. The same materials may be used in 
ice cream cabinets and f # density Fiberglas used in such nonstruetural 
pieces as side walls, ends, and tops for cabinets. A method of testing these 
substitute insulators was described. P.S.L. 

578. Chemical Effects in. Refrigerating Systems. £. W. McGovern, £. I. 

duPont de Nemours & Co., Inc., R. & H. Chemicals Dept. Refrig. 

Engin., 43, No. 5: 276. 1942. 

Factors considered as underlying chemical reactions in refrigerating sys¬ 
tems are moisture, air, heat, metals, lubricants, and the refrigerants. Vari¬ 
ous combinations of these factors may be found in one refrigerating system 
and not in another. With air and water present as contaminating sub¬ 
stances, untoward solvent and chemical effects may follow giving rise to 
such conditions as corrosion, ^^sludge^’ formation, (?opper transfer, freeze- 
ups, and gasket failures. In removing moisture, a common mistake made 
in vacuum treatment is failure to apply a high enough vacuum and to 
hold it long enough. Drying agents recommended are activated alumina, 
‘‘Drierite’’ or silica gel placed in the liquid line. Alkaline drying agents 
react with halogenated hydrocarbon refrigerants forming chlorides. Cal¬ 
cium oxide should not be employed in moist sulfur dioxide systems, as the 
rapid reaction between alkali and acid accompanied by evolution of large 
quantities of heat might give rise to an explosion. Perchlorate drying 
agents such as magnesium and barium perchlorates, should never be used in 
refrigerating systems, as^serious explosions may result from their contact 
with lubricating oils or flammable refrigerants. Calcium chloride as a dry¬ 
ing agent is undesirable since it may form a water solution which, in passing 
through the refrigerating system, will bring about corrosion. 

To prevent sludging of oil used for lubrication in refrigerating systems, 
the oil must have high thermal stability and be not subjected to chemical 
and physical effects of excessive temperature, air drawn into the system, 
and moisture. Gaskets should be resistant to solvent action of oil and re¬ 
frigerant as well, and for other than ammonia and sulfur dioxide systems 
in which rubber may be used, several of the newer products such as neoprene 
and the polyvinal, alcohol plastic are finding use. L.M.D. 

579. Fiberglas Insulation in Lov^^Temperature Field. John B. 

ScHNBLLER, Equip. Insul. Div., Owens-Coming Fiberglas Corp. 

Refrig. Engin., 43, No. 5: 280. 1942. 

A description of the new ‘^Fiberglas AE’* board for low temperature 
and roof insulation is given. Research, stimulated by lack of cork imports. 



MISCELLANEOUS 


A237 


has led to the development of a desirable form of insulation board from the 
basic material, Fiberglas, one which lends itself to installation methods 
similar to those which have been in force for cork board. The basic ‘^Piber- 
glas’^ offers high resistance to heat transfer, is inorganic, free of odor, does 
not absorb odor, is incombustible, will not rot, mildew, or offer sustenance 
to vermin. ‘‘AB’’ board is made of pure glass fibers, compressed to a 
density of 6 lb. to the cubic foot, and treated with a binder to increase 
the rigidity of the final product. The core of glass fibers is enclosed in a -J- 
inch thick sheath of durable asphalt that has a high melting point. Surface 
treatment consists of white sand, rolled into the asphalt. This provides 
a good bonding surface and prevents adhesion of the boards to one another 
in transit or storage. The heat conductivity of the board is 0.265 BTU 
per sq. ft., per ® P., per inch of thickness at a mean temperature of 60® P. 
Its moisture absorptive property is in the lower range. It is fire retardant, 
and is resilient. L.M.D. 

580. Opportunities of Reducing Operating Costs. (C) Distribution 

Cost. V. R. CoRKiGAN, Polk Sanitary Milk Co., Indianapolis, Ind. 

Internatl. Assoc. Milk Dealers, Assoc. Bui., 34, No. 15: 337-341. 

Peb., 1942. 

Experience with the six-daj’' delivery plan revealed that construction of 
more storage space, larger number of bottles needed and other extra expenses 
nullified any delivery savings during the early stages. Inadequate supply 
of Grade A milk for Friday processing also presented a problem. Although 
the six-day plan has merit and should ultimately effect savings, still all angles 
should be examined and prepared for before adopting it. The loyalty and 
confidence of the salesmen is the first step in improving distribution effi¬ 
ciency. The ‘‘Standard Order Method” reduces the temptation to embezzle¬ 
ment while the added clerical work of the sATstem may be transferred from 
route salesmen to a clerical force with savings. From the records a “break 
even point’ ’ should be calculated for the route. E.P.G. 

581. The Effect of Government Regulation of Retail Credit upon the 

Dairy Industry. M. M. Douglas, Ci*edit Mgr., Maplehurst Farms, 

Inc., Indianapolis, Ind. Milk Dealer, 31, No. 7: 34, 66-70. April, 
1942. 

The author points out the following facts: We must recognize the ex¬ 
istence of an activity of certain forces which, under the guise of patriotism, 
are trying to reconstruct our national economy to fit their version of an 
economic Utopia. We must not lose sight of the fact that even though we 
are at war, there are still pressure groups of various sorts who have axes 
to grind. Under cover of the confused thinking and hysteria prevailing in 
times like these, they will try, by vigorous flag waving, to put over a few 
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fast ones. And some of these individuals are in positions of great authority. 
The author discusses the effect of government regulation of retail credit 
upon the dairy industry. The results of the restrictions are summafused as 
follows; 1. Under every-other-day delivery the driver’s opportuity to Collect 
is cut in half. 2. Increased loads due to consolidation of routes, where that 
has been done, limits the amount of time available for collection. 3. The 
urgent necessity for conserving rubber prevents the possibility of extra trips 
to collect. 4. Previously contracted obligations, increasing cost of living, 
increasing taxes and the necessary purchase of defense bonds and stamps, 
mean that the customer, defense worker or otherwise, has a much harder time 
to make the budget balance. 

Suggestions offered to overcome these various factors are as follows: 
First: We can keep our heads—^this is no time to become panic-striken or 
hysterical. Common sense and straight thinking will accomplish many 
things. Second: We can establish community credit policies and cooperate. 
There is no competition in credit, so there is no reason why we cannot get 
together in our individual communities and work for the common good. 
Carried a step farther, we can work with our fellow dairymen in other cities. 
Third; We can tighten up our individual policies and keep our accounts as 
near current as possible. Fourth: Through our national, state and local 
trade associations, we can make a determined effort to secure representation 
at any conference or hearing held by the W.P.B. affecting us, directly or 
indirectly. Fifth: As one of the prime factors in the promotion of national 
health and economy, we can ask for serious consideration of our representa¬ 
tions to the board. C.J.B. 

582. Preventive Maintenance on Trucks Pays Dividends. Anonymous. 

Milk Dealer, 31, No. 7: 31-32, 60-61. April, 1942. 

This article is a discussion of truck maintenance as practiced at tlie 
Chestnut Farms-Chevy Chase Dairy, Washington, D. C. A description is 
given of the daily inspection report on which drivers check items requiring 
repairs, adjustment, and attention. A copy of the general inspection form 
containing 53 items which the mechanic must check and okay every 2,500 
to 3,000 miles, is shown. Other forms used, such as Trouble call. Wash 
report, Material requisition. Crease report, Daily electric report. Tire change 
record, etc., are also discussed. C.J.B. 

583. Cleaning and St^ilizing Dairy Plant Equipment. C. M. Moore, 

Diversey Corp., Chicago, Ill. Natl. Butter and Cheese Jour., 33, 

No. 5:10. May, 1942. * 

Use good cleaners properiy: Binse before 'washing; dismantle and scrub 
every piece of equipment and rinse with hot water after washing; special 
treatments may be necessaiy to remoTe.miUi 9 tone. In 'washing cans, cleaners 
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should: remove milk deposits, soften the water, keep the machine free of scale 
but should not remove tin. 

Sterilization, the final step in cleaning, may be accomplished with steam 
or hot water at 180® F. for 2 to 5 minutes or with chlorine sterilizers which 
can be used effectively and economically even on open surfaces. Chlorine 
sterilizers containing 100 ppm. of available chlorine can be pumped through 
pipes, filters and heaters for about 5 minutes while large tanks and open 
surfaces are best sterilized by spraying with a 250 ppm. solution. Detailed 
instructions are given for each cleaning and sterilizing operation with special 
precautions for some equipment. W.Y.P, 
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ABSTRACTS OF LITERATURE 
BOOK REVIEW 

584. Chemistry and Physiology of the Vitamins. H. R. Rosenberg. 
May, 1942. Interscience Publishers, Inc., 215 Fourth Ave., New 
York. 674 pages, 25 figures; $12.00. 

Recognizing the need for a comprehensive review of the chemistry and 
physiology of the vitamins. Dr. Rosenberg has presented in this book a con¬ 
cise, up-to-date and systematic review of all topics of vitamin research which 
have contributed to the rapid development and advancement in the knowl¬ 
edge of this field. 

The opening chapter is a discussion of vitamins in general which includes 
definitions, historical development, nomenclature, list of vitamins and a 
general discussion of the topics which are followed systematically in every 
chapter on the individual vitamins. 

In the chapters on the individual vitamins, there appears a concise review 
of nomenclature, historical development and occurrence. The discussions 
on the chemistry include methods of isolation, proof of chemical constitution 
and synthesis including space formulas for the various steps and industrial 
methods of preparation. There are special paragraphs on the biogenesis 
and specificity of vitamin action. The determinations of vitamins are sub¬ 
divided into physical, chemical, biochemical and biological methods and are 
followed by a discussion of vitamin standards. The physiological treatment 
includes relationships in plant and animal physiology, the latter being sub¬ 
divided into the metabolism of vitamins, the physiological action, mechanism 
of vitamin action and the relation of vitamins to each other, to hormones and 
minerals. The pathological aspect treats with avitaminosis, hypovitamino- 
sis, hypervitaminosis and a special section on clinical tests. Finally the 
vitamin requirements are presented. 

Following the chapters on the individual vitamins, there is a brief dis¬ 
cussion of 17 non-identified vitamins. In the appendix is classified a group 
of essential compounds which are called vitagens. These include essential 
fatty acids, amino acids, carbohydrates, choline and related compounds and 
organic sulphur containing compounds. 

In the patent index there are listed more than 1200 United States, British, 
German and French patents which are arranged chronologically according 
to subject matter. The essential data of each patent is given together with 
a brief abstract. 

This book should appeal both to those engaged in vitamin research and 
to those who wish to be informed on this subject. It is well written and 
conveniently arranged for use as a reference text, with the bibliography 

A241 
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readily available as footnotes. The reviews include literature through 1941 
and even into 1942. S. M. Hauge 

585. A Symposium on Respiratory Enzymes. University of Wisconsin 

Press, Madison, Wis. 1942. 281 pages; $3.00. 

This book deals with the fundamental nature of those enzymes and en¬ 
zyme systems that are closely connected with the action of vitamins. Each 
part of the book is written by an international authority in his field. Recent 
findings are discussed in detail and interpretations of most developments are 
made. The discussions on Phosphorylation, Respiration, and Hydrogen 
Transport which apply the fundamental findings to important, specific prob¬ 
lems are especially informative and interesting. 

The divisions on Intermediate Carbohydrate Metabolism by Meyerhof; 
Oxidative Mechanisms in Animal Tissue by Ball; Oxidases, Peroxidases and 
Catalase by Stem; Plavoproteins by Hogness; Cytochromes by Stotz; and 
Phosphorylation of Carbohydrates by Cori are especially well VTitten. The 
sections on Pasteur Effect by Lipman; Nicotinamide Nucleotide Enzymes by 
Schlenk; Metabolic Cycles and Decarboxylation by E. A. Evans, Jr.; and 
Transamination by Cohen give information that is very timely. 

All sections of the book carry good bibliographies and the book as a whole 
should serve as an excellent reference for individuals that are working 
directly in the field of respiratory enzymes. D. M. Doty 

586. War Gases. Morris B. Jacobs. 1942. Interscience Publishers, Inc., 

215 Fourth Ave., New York. 180 pages, illustrated; $3.00. 

This book deals with the following general subjects in the field of war 
gases: 1. Chemical nature, physical characteristics and physiological re¬ 
sponse of the war gases. 2. Effect of war gases on materials, food and 
water and methods of obtaining samples of these for analysis. 3. Methods 
of detection of and analysis for toxic gases in foods, water, air and other 
materials. 4. Decontamination of various materials polluted by such gases. 

The author stresses the importance of a complete knowledge of the prob¬ 
lem, to intelligently and actively cope with any possible gas attacks in this 
country regardless of how remote they may appear at the present time. 
The information presented is of interest primarily to specialists in this field 
such as the war gas chemist, gas identification, decontamination and public 
health officers and air raid wardens. 

Manufacturers and distributors of dairy products might well read those 
sectiozus of the book dealing with effect of various gases on foods as well as 
discussions on removal of samples for analysis and methods of decontami¬ 
nating after gas attacks. The au^or also states “The best way to obviate 
the necessity for salvaging foods after gas attacks is to protect them from 
contamination before the attacks.” As is also emphasized, adequate protec- 
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tion must be based on a knowledge of the properties of the gases. Methods 
of protection must be known and put into practice before any possibility of 
attack exists in order to be sufficiently adequate to meet all emergencies. 

This book is well written throughout. Many details regarding precau¬ 
tions and procedures are emphasized to the point of repetition. This is 
undoubtedly desirable from the standpoint of certain individuals not too 
familiar with all aspects of the subject but who yet are responsible for 
coping with any possible emergency. One fact very well brought out in the 
discussions is the complexity of the problems involved and the necessity for 
supervision of all gas defense efforts by experts in the field of gas warfare. 

A publication of this size naturally could not include all of the useful 
information on the subject. The author therefore has preceded each chap¬ 
ter with general references. Frequent references are made in the text to 
other published investigations'from which the author has drawn his informa¬ 
tion. The reader can thus obtain more detailed information on practically 
any phase of this subject. Complete author and subject indices also enhance 
the value of the book. P.R.E. 

587. Annual Review of Biochemistry, Volume XI. Annual Reviews, Inc., 
Stanford Univ. P. 0., California. 736 pages; $5.00. 

The Annual Review of Biochemistrj% as once before cited in the Journal 
OF Dairy Science book review, is an assembled group of reviews on selected 
biochemical subjects written upon invitation, by competent authorities. 
The Volume XI contains 28 sections and includes reference to some 3929 
papers. A significant number of the reviews in this new issue are of real 
interest to those engaged in dairy products research. The Annual Review 
is written in technical research rather than popular terminology. 

In X-Ray Studies of the Structure of Compounds of Biochemical Inter¬ 
est is presented a review of the background of knowledge concerning the 
details and principles of molecular and crystal architecture and experi¬ 
mental methods. Illustrations are employed to explain principles. Refer¬ 
ence is made to studies on fibrous, corpuscular and virus proteins, carbo¬ 
hydrates and sterols, porphines and glycerides. The section on the Chem¬ 
istry of the Acyclic Constituents of Natural Fats and Oils contains review 
of methods recently developed for the separation and identification of the 
individual and component fatty acids. Excellent discussion is presented on 
distribution and composition of acids, glycerides and phospholipids in vege¬ 
table, marine and animal fats. A very complete discussion is presented on 
the Chemistry of the Proteins, and Amino Acids, and includes the size and 
shape of protein molecules, the number and configuration of the electrically 
charged groups in amino acids, peptides and proteins, and implication of 
the data for biochemical studies. The Metabolism of Proteins and Amino 
Acids is excellently reviewed. In two excellent chapters are considered the 
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developments in the fields of the water- and fat-soluble vitamins. Since an 
immense flow of investigative work in the vitamin field is taking place, orien¬ 
tation and evaluation of the information, inferentially applicable to milk, is 
useful. Vitamins discussed in the first of the two sections include thiamine, 
nicotinic acid and nicotinamide, riboflavin, pyridoxin, pantothenic acid, 
choline, biotin, inositol, p-aminobenzoic acid, ascorbic acid, citrin; in the 
second, vitamins A, D, E, and K. The section on Calcium and Phosphorous 
Metabolism: Clinical Aspects, presents pertinent review on the relative 
availability of the calcium of milk, and on the mode of action of certain anti¬ 
rachitic factors. In the chapter on Biochemical and Nutritional Studies in 
Belation to the Teeth is included discussion on the significance of calcium 
and vitamin D in occurrence of dental caries. The nutritional demands of 
fowl is reviewed in Avian Biochemistry and is of value of interpreting better 
the nutritional adequacy in rations of milk by-products. In addition to the 
above chapters are: Biological Oxidations and Reductions; Hydrolytic Non- 
Proteolytic Enzymes; Chemistry of the Steroids, of the Hormones, of Visual 
Substances, of Muscle; Chemistry and Metabolism of Compounds of Phos¬ 
phorous; Carbohydrate, and Fat, Metabolism; Lignin; Animal Pigments; 
Alkaloids; Mineral Nutrition of Plants; Plant Tissue Cultures, Immuno 
Chemistry, and Microbiology (including anti-bactericidal agents). The 
volume contains a subject and author index. Each section is provided with 
references cited in the review. K.G.W. 

BACTERIOLOGY 

588. Glutamine and Glutamic Acid as Growth Factors for Lactic Acid 

Bacteria. Maxwell A. Pollack and Manfred Lindner, Dept. 

Chem., Univ. Tex., Austin. Jour. Biol. Chem., 143 ^ No. 3: 655. 

1942. 

Nine lactic acid-producing bacteria are shown to require either glutamine 
or glutamic acid for growth. None of the bacteria tested is capable of pro¬ 
ducing glutamine from glucose and ammonium salts. V.C.S. 

589. Routine Bacteriological Examination of Milk Cartons. W. A. Hot, 

Natl. Inst. Res. in Dairying, Univ. Reading. Proc. Soc. Agr. Bac. 

teriologists (Eng.), 48. 1941. 

Of 1654 waxed paper pint milk cartons examined over a period of 6 
years, 97% contained less than 200 recoverable bacteria per carton and 86% 
were virtually sterile. Of 20 cartons that gave counts over 600 (more than 
1 per ml. of capacity), 16 were found to be crushed when they were un¬ 
packed. Milk souring organism* were found only occasionally. The 
results of the examinations show that waxed paper milk containers can be 
made and distributed to dairies in a satisfactory hygienic condition, and 
ready for immediate use. M.W.Y. 
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590. The Examination of Raw Milk by the Methylene Blue and Re- 

sazurin Tests and by the Plate Count. Constance Higoin- 
BOTTOM, Hannah Dairy Res. Inst. Proc. Soc. Agr. Bacteriologists 
(Eng.), 32. 1941. 

Nearly 1,000 samples of raw milk from individual farms were examined 
by the plate count, methylene blue reduction test, and resazurin test. The 
samples were examined immediately on arrival at the laboratory and again 
after storage overnight at 40® P., and 60® P. On identically treated sam¬ 
ples the correlation coefficient between the plate count and the methylene 
blue reduction test was high, i.c., 0.84, 0.85, 0.90, and 0.73 (negative values) 
respectively. A very close agreement was obtained between the time taken 
to reduce methylene blue and to reach the vivid pink stage (Lovibond disc 
No. 1) with resazurin. M.W.Y. 

591. The Micrococci of Milk. T. Gibson and Y. Abdel-Malek, Col. Agr., 

Edinburgh. Proc. Soc. Agr. Bacteriologists (Eng.), 31. 1941. 

Pasteurization at 63® C. for 30 minutes of samples of certified milk and 
aseptically drawn milk destroyed all micrococci while those in milk of indif¬ 
ferent quality frequently survived the treatment. It is concluded that the 
cow’s udder is not a source of the heat-resistant species. M.W.Y. 

592. Resazurin Reduction of Fresh and Stored Udder Milk. S. B. 

Thomas, Univ. Col. Wales, Aberystwyth. Proc. Soc. Agr. Bacteri¬ 
ologists (Eng.), 34. 1941. 

Porty-four aseptically drawn samples of quarter milk from normal and 
latent mastitis infected udders were examined within one hour of milking, 
and portions of the same milk held at 5® C. and 15® C. were examined after 
24 hours. Holding the milk for 24 hours resulted in considerable loss of 
resazurin-reducing activity. There was no significant difference in the 
reduction times of the portions held at the two temperatures. M.W.Y. 

593. Cryophilic Bacteria as a Cause of Milk Samples Failing in the 

Methylene Blue Test. C. S. Morris, Scale-Hayne Agr. Col., New¬ 
ton Abbot, Devon. Proc, Soc. Agr. Bacteriologists (Eng.), 33. 
1941. 

Samples of morning milk from a certain area failed to pass the methylene 
blue test after being held overnight in a refrigerator kept at 4® C. Pseudo- 
moms types were isolated that grew rapidly in milk held at 4® C. Water 
supplies on some of the farms contained these Pseudomonas types and equip¬ 
ment became contaminated from these supplies. M.W.Y. 

594. A Note on the Lipase of Some Lactic Acid Organisms. J. Wolf, 

Natl. Inst. Res. in Dairying, Univ. Reading. Proc. Soc. Agr. Bac¬ 
teriologists (Eng.), 21. 1941. 
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Strains of Lactobacillus casei, L. acidophilus, L. Lactis, L. delbruokii, L, 
helveticufn, Streptococcus cremoris, 8. thermophilus, 8. mastitidis, 8. 
tnucosus, 8. Uquefaciens, and 8. saUvarius were tested for production of fatty 
acids from butter fat to determine whether they are associated witib produc¬ 
tion of flavor in cheese, where butyric acid and other fatty acids are known 
to occur. The organisms were grown in a peptone, Lemco, yeast extract, 
E2HPO4 medium (pH 6.9), to which 0.15% agar was added. 0.75% butter 
fat was added to half the medium. Incubation was at 38° C. and flasks 
were shaken daily for 7 months. None of the organisms produced fatty 
acids from the fat. 

The possibility of an intracellular lipase was studied using L. casei. To 
digest the cell wall with proteolytic enzymes, a culture of L. casei was 
grown for 6 days in 1 liter of yeast dextrose broth. After centrifuging 
and washing the suspension aseptically, it was made up to 100 ml. and then 
divided into two 50-ml. portions. To one was added 2 ml. of a 5% pepsin 
solution and to the other 2 ml. of 5% trypsin, both of which had been passed 
through a Seitz filter. The trypsin suspension was brought to pH 8 and the 
pepsin one to pH 3 and incubated at 37'’ C. for 24 hours. 10 ml. of each 
of the digested-bacterial suspensions were placed in flasks and 30 ml. of tiie 
butter fat medium used previously were added as substrate. Controls con¬ 
taining the enzymes but no bacterial suspension were also included. The 
flasks were incubated at 28° C. for 2 months and were shaken daily. After 
examining each for sterility, 20 ml. from each flask were steam distilled in 
duplicate. The titrations of 100 ml. of distillate with N/lOO NaOH from 
the tryptic bacterial suspension were 2.00 ml. and 4.80 ml. compared to 1.10 
ml. and 1.05 ml. for trypsin only. A Duclaux distillation on the distillate 
from the tryptic bacterial suspension revealed that over 85% of the acid 
was butyric. Lactobacillus casei contains a lipase or butyrinase which is 
liberated on disruption*of the cell. It is possible that the reason why 
butyric acid does not appear in cheddar cheese until it is mature is that 
the butyrinase is liberated at a late stage in ripening. M.W.Y. 

595. Reaazurin Reduction as an Index of Milk Can Sterility. S. B. 

Thomas, Univ. Col. Wales. Proc. Soc. Agr. Bacteriologists (Eng.), 

47. 1941. 

A series of 154 twelve gallon cans were picked at random after steaming 
at four creameries, held at atmospheric temperature for 24 hours and rinsed 
with 100 ml. of quarter strength Ringer’s solution. Five ml. of rinsing solu¬ 
tion was added to 5 ml of sterile milk, mixed and. incubated for 18 hours at 
15° C. The resazurin test was then made. A comparison showed that 90% 
of the cans with colony counts Ibove 100 per ml. of can capacity reduced 
resazurin within 1 hour whereas 97% of the rinsings taking over 5 hours to 
reduce resazurin to the pink stage had colony counts of 10 and under per ml. 
of can capacity. M.W.Y. 
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BREEDING 

596. Dairy Cattle Breeds. A. B. Nysthoh. U. S. D. A. Fanners’ Bui. 
1443. Feb., 1942. 

This most recent revision of a familiar publication differs from its prede¬ 
cessors of 1935 and 1938 only in bringing up-to-date the number of cows of 
the different breeds in this country by sections; the milk and butter fat 
records of the ten highest producers in the United States of each of six breeds 
of dairy cattle; and in an increased amount of space given to the require¬ 
ments for recording cows and bulls in the American Dairy Cattle Club. 

J.G.A. 


CHEESE 

597. A Note on the Bacteriology and Chemistry of Portuguese Sheep’s 

Milk Cheese. E. R. Hisco.x, S. J. Rowland, J. Wolf, and M. M. 

Jacob. Natl. Inst. Res. in Dairying, TJniv. Reading. Proe. Soc. 

Agr. Bacteriologists (Eng.), 24-26. 1941. 

Examination of 8 cheese varying from 77 to 110 days of age showed that 
the ripening of Serra cheese like cheddar depends largely on the homo- 
fermentative lactobacilli. The volatile acids and the products of the nitro¬ 
gen breakdowi also rp.sembled those of a cheddar of approximately the same 
age. M.W.Y. 

598. Some Observations on Commercial Starters. J. Harbison and J. Z. 

Wolf, Natl. Inst. Res. in Daiiying, Univ. Reading. Proc. Soc. Agr. 

Bacteriologists (Eng.), 19-20. 1941. 

About 140 samples of starters were examined to determine the cause of 
fluctuations in acid production. Over 100 cultures behaved normally. 
Young, 18-hour milk cultures were tested in separated milk using 1% inocu¬ 
lum and incubating at 30° C. Two lots of milk were inoculated, one being 
the control and the other having two drops of whey added. Titrations of 
10-ml. portions were made after 2- and 7-hour incubation. Over 60% of 
the normal starters produced less than 0.35% lactic acid in the 5-hour period 
under observation. Most of these “sluggish” starters originated from 
creameries where raw milk was used for cheese making. When the “slug¬ 
gish” starters stood at room temperature overnight, after the 7-hour titra¬ 
tion, and were titrated in the morning according to the usual practice, the 
acidity was normal. This titration is therefore not indicative of any ab¬ 
normality which may occur in the starter. 

When the addition of whey had an inhibiting effect upon acid production. 
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(ally in six cases where the decrease was greater than 0.1% acid was it possi¬ 
ble to demonstrate the presence of bacteriophage. 

Although bacteriophage might be responsible for many cases of slow¬ 
ness” where raw milk is used together with a “sluggish” starter, “slowness” 
may be due to a sudden change in the milk flora or the introduction of milk 
deflcient in acid-producing organisms. M.W.Y. 

599. The Problem of Bacteriophage in Cheese Starters. L. J. Meanwell, 

United Dairies Res. Lab., London. Proc. Soc. Agr. Bacteriologists 
(Eng.), 16-18. 1941. 

Failure of mixed-strain as well as single-strain starters was frequently 
due to bacteriophage infection. Bacteriophage was demonstrated by less 
acid-producing power when 0.1% “slow” whey was added to a 1% inocula¬ 
tion of that culture in sterilized milk. With normal healthy cultures, after 
six hours incubation at 30° C., there was little or no difference between the 
control tube and the tube containing 0.1 per cent “slow” whey, but with 
the susceptible culture an appreciable drop in acidity was found. 

Until some system has been devised whereby bulk starters can be com¬ 
pletely protected from phage infection, multiple-strain rather than single- 
strain starters should be used. Phage infection is frequently air-bome and 
it may be desirable to use a building entirely separated from the cheese- 
making process for the preparation of starter. M.W.Y. 

600. The Evolution of Gases During Cheese Ripening. E. B. Hiscox, 

Natl. Inst. Res. in Dairying, Univ. Reading. Proc. Soc. Agr. Bac¬ 
teriologists (Eng.), 23. 1941. 

The quantity of CO 2 produced by cheddar and stilton cheese corre¬ 
sponded with the periods of rapid growth, first of the streptococci and later 
of the lactobacilli. WitE the growth of the mold in stilton a third increa.se 
of CO* was noted. The development of CO* appears to be largely a direct 
result of bacterial or mold action. M.W.Y. 

CHEMISTRY 

601. Color Tests for the Detection of Alpha-Dicarbonyl Compounds 

Formed in the Autoxidation of Fats. Edward A. Prill, McArdle 
Memorial Lab., Univ. Wis., Madison. Oil and Soap, 19, No. 6:107. 
1942. 

The tests developed by the author provide definite evidence for the occur¬ 
rence in autoxidized unsaturated fats of compounds containing either the 
alpha-diketo (O-CO-CO-C) ^ the alpha-ketoaldehyde (C-CO-CO-H) 
group. The presence of alpha-dicarbonyl compounds was found in autoxi- 
dized ethyl linoleate, com oil, cottonseeil oil, olive oil and lard. Peroxides 
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in autoxidized fatty materials could be destroyed by treatment with ferrous 
chloride without destruction of alpha-dicarbonyl compounds. V.C.S. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

602. Protein-aldehyde Plastics. Combination of Formaldehyde with 

Acid Casein and with Rennet Casein. D. C. Carpenter and F. B. 
Lovelace, N. T. Agr. Expt. Sta., Geneva. Jour. Ind. Eng. Chem., 
Ind. Ed., 34, No. 6: 759. June, 1942. 

Forms of casein-aldehyde plastic have been manufactured for many 
years, much of it reaching markets in this country in the form of buttons 
and buckles. In the manufacture of the plastic the casein is hardened by 
formaldehyde and it is this chemical reaction with which the authors are 
primarily concerned. Acid and rennet casein are different from each other 
in the binding of formaldehyde and their combining ratios are established 
over a concentration range up to 6.63% formaldehyde. The general law 
applicable to both types of casein, relating bound formaldehyde to total 
formaldehyde employed, is shown to be the adsorption law, x = KC”, in the 
concentration range investigated. About 30% more aldehyde appears to be 
bound than can be accounted for on the basis of combining with a-amino, 
side chain amino and amide groups. Possible types of structure are dis¬ 
cussed and models are given, B.H.W. 

DISEASE 

603. Cystic Pituitary in Young Cattle with Vitamin A Deficiency. L. L. 

Madsen, S. R. Hall, and H. T. Converse, Bureaus of Animal Inds. 
and Dairy Inds., U. S. D. A., Beltsville, Md. Jour. Nutr., Si, No. 
1:15. July, 1942, 

In a series of 15 animals of the beef and dairy breeds, varying in age 
from one day from birth to 787 days of age, which had either vitamin A 
deficiency at death or a previous history of vitamin A deficiency, 13 had 
cystic pituitary glands. The cysts occurred either in the residual lumen or 
within the posterior lobe, often causing compression of the gland and injury 
to the glandular parenchyma. 

The high incidence of cystic pituitary glands in vitamin A deficient 
cattle suggests that this is a part of the pathology of vitamin A deficiency. 

C.F.H. 

604. Report of the Committee on Communicable Diseases Affecting Man. 

Paul B. Brooks, Internatl, Assoc. Milk. Sanit. Jour. Milk Tech- 
nol., 5, No. 3: 141. May-June, 1942. 

The latest report available is for 1939. During this j^ear the U. S. 
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Public Health Service reported a total of 27 outbreaks were attributed to 
fluid milk and cream and 8 to milk products. The c(nnmittee with one 
^ception omitted “one outbreak of undulant fever; two in which neither 
the name of the disease nor the means by which the milk was supposed 
to have been contaminated were stated; one bearing a notation; ‘Milk or 
cream suspected’; and a so-called ‘outbreak’ consisting of one case of 
gastroenteritis.’’ 

Of the 27 outbreaks attributed to fluid milk and cream 4 were typhoid 
fever; one paratyphoid; 9 scarlet fever and septic sore throat together; 
2 bacillary dysentery; and 11 gastroenteritis (including food poisoning). 

Of the 8 outbreaks attributed to milk products 6 were of gastroenteritis 
(including food poisoning), one t 3 rphoid and one paratyphoid fever, 

Besults are also given for the flve-year period 1935-1939, inclusive. 
During this period the total number of outbreaks traced to fluid milk and 
cream was 175. The committee omitting several “outbreaks” of one case 
each as they did for 1939. Of the 175 outbreaks scarlet fever and septic 
sore throat accounted for 68; typhoid fever 62; gastroenteritis 36; bacillary 
dysentery 5; paratyphoid 3; and diphtheria one. 

During this period 25 outbreaks were attributed to milk products. 
(Three being omitted, one an “outbreak” of only one case and two in 
which ice cream was reported as suspected, but without explanation.) 
Of the 25 outbreaks, 22 were of gastroenteritis, one of septic sore throat, 
one typhoid fever and one paratyphoid fever. Thirteen were charged to 
ice cream, eight to cheese, two to cottage or cream cheese and two to 
buttermilk. 

A study made of the outbreaks due to fluid milk and cream reported in 
1937,1938, and 1939 with reference to the size of the communities in which 
the outbreak occurred showed there were a total of 95 outbreaks. Of these 
82% occurred in communities of 25,000 or less. L.H.B. 

605. The Eradication of Streptococcic Mastitis by Treatment with 
T 3 rrothricin. P. B. Martin, W. Chester, Pa. Amer. Vet. Med. 
Assn. Jour., 101, No. 784: 231. July, 1942. 

With an average of 2.3 treatments per quarter, 117 of 130 infected 
quarters found in 49 of 71 cows were freed of infection. Twelve of the 49 
were not completely freed of the infection, while seven cows “with more 
or less permanent defects of the natural barriers to infection” became 
reinfected during the winter. No reinfection occurred when cows were on 
continuous pasture. 

Diagnosis was made from smea^ps of incubated samples. Segregation was 
not practiced nor were precautions taken against spreading infection to 
healthy cows. Treatinent consisted of injectii^ 20 cc. of a 50% emulsion 
of mineral oil containing 1.5 mg. of tyrothricin per cc. into the quarter imme- 
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diately after milking and removing it at the subsequent milking. Infected 
quarters were examined immediately after treatment and treatment re¬ 
peated until at least two negative tests at bi-weekly intervals were obtained. 
Cows were treated in all stages of lactation. S.A.P. 

606. Field and Laboratory Observations on Mastitis. P. M. F. Shattock, 

Natl. Inst. Res. in Dairying, Univ. Beading. Proc. Soc. Agr. Bac¬ 
teriologists (Eng.), 43-44. 1941. 

An attempt was made to eradicate Streptococcus agalactiae from two 
herds of 89 cows. DiflBculty in controlling the disease at first was partly 
due to the high incidence of 21% infection in animals in their first lactation. 
A further factor was the choice of bacteriological technique, since infections 
detectable only by enrichment methods may be present for many months 
before detected on Edward’s medium. After the herds became virtually 
free from 8, agalactiae infection, high proportions of both hemolytic and 
non-hemolytic staphylococci were found in many cases. The average per¬ 
centage of cows excreting non-hemolytic staphylococci in Herd A was 19% 
and in Herd B 38% while non-hemolytic staphylococci were excreted by 
9% and 40% respectively. Subclinical infection with hemolytic staphylo¬ 
cocci may give rise to very appreciable alteration in the chemical composi¬ 
tion of the milk. Staphylococci may be an unsuspected factor in causing 
milk to fall below the legal chemical standards. M.W.Y. 

FEEDS AND FEEDING 

607. Hay Crop Silage. N. N. Allen and J. B. Fitch. Minn. Agr. Expt. 

Sta. Bui. 360. May, 1942. 

A popular bulletin, giving an account of the work done with grass silage 
at the Minnesota station, setting forth the advantages and disadvantages 
of this system of storing crops, and containing numerous recommendations 
and suggestions for the making of grass silage. J.6.A. 

608. Feeding Grass Silage. C. B. Bender. N. J. Agr. Expt. Sta. Bui. 

695. May, 1942. 

A popular bulletin outlining the advantages of cropping systems which 
include grass silage and giving results of some of the more recent feeding 
trials with this type of silage at the New Jersey station. Points stressed 
are the need for accustoming farmers ami cows to this comparatively new 
type of roughage, the economy of feeding it, and its favorable effect on 
milk flavor. J.G.A. 

POOD VALUE OF DAIRY PRODUCTS 

609. Composition and Thiamin and Riboflavin Content of Defatted Milk 
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SoUds. C. M. 0 ’Mallet and E. J. Baldi, Amer. Dry Milk Inst, 
Ine., Chicago, HI. Jour. Milk Technol., 5, No. 3:138. May-June, 
1942. 

Thirty-two samples of defatted milk solids from 13 states representing 
the major milk-producing areas were analyzed during the spring of 1941. 

The riboflavin and thiamin content of the samples tested were quite uni¬ 
form, and there was no apparent relationship between the composition and 
vitamin content; nor did the geographic origin of the samples show any 
relationship. 

The mean thiamin content of all samples was 3.57 micrograms per gram. 

The mean riboflavin content was 20.93 micrograms per gram. L.H.B. 

610. Nutritional Requirements of Children. A Resume. William J. 

Dank and Wilbubt C. Davison, Nutr. and Ped., Duke Univ., 
School of Med., Durham, N. C. Amer. Jour. Dis. Ohildrtsn, <».?, No. 
2:366-370. Peb., 1942. 

The authors, in this review, show in table form the daily allowances of 
the various dietary essentials for children. They state that these allow¬ 
ances are ample for healthy children of average size and activity with 
normal alimentary absorption but must be increased if the child is excep¬ 
tionally large or active or has fever. Also care should be taken that the 
vitamins are not destroyed by excessive cooking. 

The authors point out that milk, eggs and meat are excellent protein 
sources of the ten amino acids which are indispensable in the diet. 

B.E.H. 

611. Prevention of Dentd Caries by Massive Doses of Vitamin D 

Ralph Howard'Brodsbt, Bela Schick, and Hermann Yollmer. 
Sea View Hospital, New York. Amer. Jour. Dis. Children, 62, No. 
6:1183-1187. 1941. 

A group of 101 children who had tuberculosis or had been in contact 
with a patient with the disease were studied carefully for a period of one 
year to determine the effect of a single massive dose of vitamin D on the 
incidence of caries. They found that as the dose of vitamin D increased, 
the number of cavities in the teeth decreased. They divided the 101 children 
into 3 groups: A, control, hospital diet only; B, 305,000 U.S.P. units of 
vitamin D and 2,455,000 U.S.P. units of vitamin A in 30 cc. of fish liver oil 
concentrate in addition to hospital diet; and C, 600,000 U.S.P. units of 
vitamin D in form of crystalling vitamin Da in 1 oc. of oil in addition to 
the hospital diet. 

They conclude, “Further studies are required on larger groups. How¬ 
ever, the results of this study seem to indicate that the incidence of dental 
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caries may be markedly decreased by the administration of a single massive 
dose of vitamin D. ’ ’ B.E.H. 

612. Level of Vitamin A in the Blood as an Index of Vitamin A Defi¬ 

ciency in Infants and in Children. J. M. Lewis, 0. Bodansky, 
AND C. Haig, Dept. Pediatrics, Beth Israel Hospital, New York. 
Amer. Jour. Dis. Children, 62, No. 6: 1129-1148. 1941. 

The authors conclude that, ‘‘Low levels of vitamin A in the blood in rats 
were found to be associated with low intakes of the vitamin and with little 
or no storage in the liver.” They also state that 45 U.S.P. units of vitamin 
A per 100 cc. was the lowest found in the blood of 144 normal infants. They 
found that the administration of 17,000 units of vitamin A to infants during 
the first 6 months of life increased the vitamin A content of the blood. How¬ 
ever, no effect on the level of vitamin A in the blood was noted when infants 
of 6 to 18 months old were given the vitamin A preparation for periods of 
1 to 5 months. The authors are of the opinion that the level of vitamin 
A in the blood may be a more sensitive indicator of vitamin A deficiency than 
the result of the dark adaptation test. B.E.H. 

HEED MANAGEMENT 

613. Report of the Committee on Dairy Farm Methods. Horatio N. 

Parker, Internatl. Assn. Milk Sanit. Jour. Milk TechnoL, 5, No. 
3:152. May-June, 1942. 

A discussion of the fundamentals of clean milk production and dairy 
farm inspection is reported. 

An important thing pointed out was “the unwisdom of different health 
departments prohibiting practices that are not objected to by others, such 
for instance as stipulating that covered pails should or should not be used, 
that milk houses should be located at certain distances from dairy barn, 
that surface coolers may or may not be used, etc.” To avoid confusing the 
farmers, inspection methods should be unified. L.H.B. 

614. The Progress, Results and Cost of Electric Refrigeration on Dairy 

Farms. L. M. Graves, M.D., and Rex D. Bushono, D.V.M., Super¬ 
intendent, and Director, Bureau of Sanitary Engineering, Dept. 
Health, Memphis, Tenn. Jour. Milk TechnoL, 5, No. 3:131. May- 
June, 1942. 

Mechanical refrigeration has resulted in improved quality of milk sup¬ 
plies. Electrically operated units were found to be more economical than 
gasoline-powered units. The estimated cost of electrical refrigeration varied 
from 6.6 cents to 12.72 cents per hundred pounds of milk. 
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Eighteen cities out of 28 replying to a questionnaire, reported that 50% 
or more of the dairies in their respective milk sheds urere using electrical 
refrigeration for cooling. L.H.B. 

615. The Use of Sodium Hypochlorite for Routine Disinfection in the 

Cow Shed. J. Harrison and A. T. B. Mattiok, Natl. Inst. Bes. in 
Dairying, Univ. Beading. Proc. Soc. Agr. Bacteriologists (Eng.), 
41-42. 1941. 

When hypochlorite is added to wash water. Streptococcus agalactiae is 
killed with a reasonable margin of safety so long as the concentration of 
available chlorine remains above 250 p.p.m. with an exposure time of 10 
seconds or over. The exposure time for the udder cloth is assured by using 
two cloths alternately. Determination of the rate of decline of concentra¬ 
tion of available chlorine in wash water used for washing down the animals 
and in water used for dipping milking machine teat cup dusters between 
milkings of individual cows led to the following suggiosted routine. 

Use two gallons of a hypochlorite solution of 800 p.p.m. available 
chlorine. This is enough for about 12 cows. Two buckets must be used, 
one containing 2 doths for washing down the animals, the doths being used 
alternately. (The one not in use is left in the disinfectant water.) The 
other bucket should contain 2 cloths for wiping. 

After milking a cow and before starting to milk another rinse the teat 
cup cluster in a bucket of dean cold water, drain for 5 seconds, dip into a 
2 gallon bucket of water containing hypochlorite (800 p.p.m. is sufficient 
for 24 teat cup clusters), plunging 3 times in 4 seconds. Drain for 3 
seconds. M.W.Y. 

616. The Effect of Steam, Hot Water, and Chlorine on the Life of Milk¬ 

ing Machine*^Rubber8. W. A. Hot and F. K. Neavb, Natl. Inst. 
Res. in Dairying, Univ. Beading. Proc. Soc. Agr. Bacteriologists 
(Eng.), 39-40. 1941. 

The life of liners steamed for 5 minutes was about 8 weeks, and similar 
results were obtained by steaming for 2 minutes. In every instance the 
bacteriological tests of the steamed units and the milk were satisfactory. 
In the case of hot water treatments, 160° F. for 10 minutes was the least 
destructive to the rubber but bacteriological results were not satisfactory. 
A temperature of 170° F. for 10 minutes gave about the same length of 
life as 2 minutes and 5 minutes steaming, and the results of the bacterio¬ 
logical tests were satisfactory. The life of liners, treated with a warm 
chlorine-soda solutimi as a combined cleaning and sterilizing process was 
8it weeks. Liners that w'ere washed but not sterilized lasted 10 weeks. 
The bacteriological tests of the units treated with chlorine were occasionally 
unsatisfactory, but tibie tests of the washed units were always unsatisfaetory. 
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It is concluded tliat effective sterilization by steam or hot water does 
not seriously reduce the life of rubber teat cup liners, and that steam sterili¬ 
zation is no more destructive than an efficient hot water treatment. Five 
minutes jet steaming is effective and allows a sufficient margin of safety 
in practice. M.W.Y. 

617. Dairy Goat Management. 6 . Van Der Noot. N. J. Agr. Expt. Sta. 

Cir. 418. May, 1942. 

A popular bulletin describing the four breeds of dairy goats of impor¬ 
tance in the United States and giving specific directions for feeding and 
management. J.G.A. 

ICE CEEAM 

618. The Effect of Cultures and the Relation of Acid Standardization to 

Several of the Physical and Chemical Properties of Ice Cream. 

W. H. E. Reid and L. E. Smith. Mo. Agr. Expt. Sta. Res. Bui. 

339. Jan., 1942. 

The use of cultures to increase the acidity of mixes after partial neutrali¬ 
zation was studied. Mixes were reduced in acidity from as much as 0.24 
to as low as 0.06% in certain instances. Many photomicrographs of ice 
crystals are shown as well as many photographs of melting studies. 

It was found that ‘‘cultured’^ ice cream had a desirable flavor and good 
keeping qualities. It is recommended that a starter mix be prepared by 
incubating at 74® P. until the acidity reached 0.85% acid, after which 
sufficient quantities could be added to the i*egular mix before pasteurization. 

Standardizing the mix acidity below that which is normal for the mix 
requires more standardizing agent than is theoretically required, due to the 
buffering capacity of the mix ingredients. The standardization and subse¬ 
quent development of the acidity in the mix did not affect the stability, nor 
the crystalline structure of the ice cream appreciably. The standardizing 
agent (Minsol) appeared to minimize shrinkage during storage of mixes 
containing 13 and 15% serum solids. C.D.D. 

619. Effect of Dextrose and Sucrose Sugars upon the Properties of Ice 

Cream. W H. E. Reid and K. R. Minert. Mo. Agr. Expt. Sta. 

Res. Bui. 339. Jan., 1942. 

This bulletin describes the effect of the use of dextrose and sucrose on 
certain properties of ice cream mix. It is accompanied by many photo¬ 
micrographs showing the structure of the resulting ice cream, ice crystals, 
as well as many photographs of ice cream subjected to melting tests. 

The replacement of sucrose with variable increments of dextrose had no 
significant effect on pH, acidity, viscosity or the specific gravity of the ice 
cream mix. The samples containing the dextrose were slightly less sweet 
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than the control samples, but was not particularly noticeable until a substi¬ 
tution of one-third of the sucrose was made. 

Dextrose affected the resistance of melting and lowered the freezing point 
of the mixes. 

When ice cream containing sucrose only was drawn from the continuous 
freezer at 22° F., the ice crystals were smaller than comparable samples con¬ 
taining dextrose. With each increment of dextrose it was found desirable 
to lower the drawing temperature of the ice cream. Dextrose did not affect 
the number of dishes of ice cream obtained per gallon. C.D.D. 

620. Report of Committee on Ice Cream Sanitation. F. W. Fabian, 
Intematl. Assn. Milk Sanit. Jour. Milk TechnoL, 5, No. 3: 166. 
May-June, 1942. 

Andrew J. Krog, of Plainfield, N. J, a committee member, suggests the 
need of regulations governing the production of certain ingredients now 
being used in ice cream mix, namely, butter from plastic cream, low lactose 
milk solids, high conversion corn syrups and com syrup solids, stabilizers, 
egg products and fraits and nuts. 

A temperature of 40° F. should be considered as the maximum for mix 
storage. 

Where novelty products are packaged in envelopes a mechanical arrange¬ 
ment should be required for opening the envelopes. 

Wiping cloths may be sterilized in a 1-5000 solution of “Roeeol” (alkyl- 
dimethyl-benzyl-ammonium-chloride). This product will not impart off 
flavors or odors to the product. 

More adequate control of retail outlets should be practiced. 

W. C. Cameron, Ottawa, Canada, reported on the ice cream situation in 
Canada—1941, as follows; Sales of ice cream showed a substantial increase 
over 1940; final statistics will probably show 1941 to be the largest on record 
from the standpoint of gallonage manufactured and sold. Preliminary test 
used for fat in ice cream is to weigh 9-gm. sample of melted ice cream into 
20% ice cream test bottle, add 13 ml. of glacial acetic acid and 9 ml. of com¬ 
mercial sulphuric acid. If sodium alginate has been used as a stabilizer in 
the manufacture of the ice cream; increasing the amount of glacial acetic 
acid to 17 ml. will give a clearer reading. “Counter freezers do not appear 
to be gaining in popularity.” 

Ralph E. Irwin, Harrisburg, Pa., reported on developments in Pennsyl¬ 
vania concerning frozen desserts sanitation. 

“Farms and plants contributing to preparation of ice cream are to meet 
the same sanitary standards |as farms and plants for the preparation of 
milk.” 

A freezer may not be located in the sales room, restaurant, etc. 

A small ice cream plant that may be built in sections has been prepared 
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for use in the manufacture and sale of ice cream at county fairs. These 
plants consist of a wash room, freezing room and sales room. Facilities for 
heating water to be used in cleansing and sterilizing equipment are pro¬ 
vided. 

Trucks built in three parts with facilities listed above, are also available 
for use at county fairs. L.H.B. 

621. Suggestions for Cleaning Equipment in the Plant. C. W. Coughlan, 

Natl. Electric Mfrs. Co., New York. Ice Cream Eev., 25, No. 6: 74. 

Jan., 1942. 

The least objectionable way of removing milk stone, which is principally 
casein and milk salts rendered insoluble by heat, is to use a weak organic 
acid, such as tartaric acid, with mechanical scrubbing friction. For cleaning 
coil vats use one-half pound of tartaric acid crystals to 12 gallons of water. 
This makes a one-half per cent tartaric acid solution. 

Corn sugar is also a solvent of milk stone and can be used for its removal. 

J.H.E. 

622. Vanilla—Preparation and Types. E. G. Wei®, Foote and Jenks, 

Jackson, Mich. Ice Cream Rev., 25, No. 7: 26. Feb., 1942. 

The author describes the culture, harvesting and curing of vanilla beans, 
with special emphasis on Mexican vanilla, having first-hand information on 
this variety as a result of trips to the Vera Cruz region. 

In Mexico the picking of the vanilla pods begins in November and carries 
through until February. At picking time the pods contain no vanilla flavor 
and no vanillin. The first picking of beans comprises the wind-falls, the 
immature, crooked and damaged pods and often equals 15 to 25% of the 
entire crop. These are known as cuts or Picadura grade and lack fine 
flavoring properties. Next comes the ordinary, composed of short, imma¬ 
ture pods, woody in texture, and a light reddish-brown shriveled bean. 
Later comes the Medium Crop of fairly good flavoring quality, followed by 
the Buena, or good grade. These are thoroughly seasoned pods, long, plump 
and dark brown in color. The last crop comprise the Prime beans. These 
are first quality, being dark chocolate brown, almost black in color. They 
are long, broad and supple and carry a rich mellow bouquet. 

The Indians bring the beans to the curing stations where they are sorted 
as to size and quality, after which they are packed in large containers, or 
sweat boxes, holding from 2000 to 4000 pounds. They are allowed to sM^eat 
and ferment, with alternate sweating and drying. This is the crucial stage 
in the preparation of the vanilla bean. Among other little-known changes, 
enzymic action changes coniferyl alcohol to vanillin. About five pounds of 
green beans are required to produce one pound of finished cured beans. 

A cured vanilla bean contains fiber, water, resin, soluble and insoluble 
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gumis, fat, fixed oils, volatile oils, vanillin and other compounds. In extract- 
ins' the fiavor locked up in the beans the avoidance of heat is to be desired. 
The beans are chopped and packed in percolators where an alcoholic 
menstruiun is pumped over the beans until the fiavor is completely ex¬ 
hausted. J.H.E. 

623. Sugars in Ice Cream. G. D. Dahle, Pa. State Col. Ice Cream Rev., 

25, No. 9: 24. Apr., 1942. 

Various corn sweeteners and honey can successfully be used to replace 
a part of the sucrose in ice cream mixes. The com sweeteners are of differ¬ 
ent compositions and the effect ou the freezing point and relative sweetness 
varies. 

Regular com syrap in ice cream has a sweetness of 30-40% of fflicrose 
and the freezing point of a 15% solution is 30.55° F. Com symp solids are 
now available and the sweetness is about 50% that of sucrose. Enzyme con¬ 
verted corn symp has a sweetness approximately 66% of sucrose. A 15% 
solution has a freezing point of 29.98° F. Com sugar is 80% as sweet as 
sucrose and a 15% solution has a freezing point of 28.63° F. A number of 
formulas are given in which the various com sweeteners, invert syrup and 
honey replace a part of the sucrose. J.H.E. 

624. More Gallons Per Cabinet Hole. C. W. Esmond, Qnndlach Co., Cin¬ 

cinnati, 6. Ice Cream Rev., 25, No. 8: 29. Mar., 1942. 

A successful sales promotion campaign of one ice cream company is 
described. Education must always start with the company employees. 
Education of dispensers is stressed also. Dealers and clerks are treated 
liberally with any new “feature fiavor.” The company also supplies host¬ 
esses to dealers to pass out samples of the feature flavor ice cream. When 
rainy days and slack season idow up sales, the company redoubles its efforts 
to help dealers by circularizing of neighborhoods with handbills. J.H.E. 

625. Check upon Waste in Refr^eration. C. T. Bakeb, Atlanta, Qa. 

Ice Cream Rev., 25, No. 8: 28. Mar., 1942. 

The danger and inefficiency of pumping ammonia liquid in a compressor 
is considerable. Compressor output is reduced and there is danger of 
damage to valves and pistons, imrticularly in hi^ speed machines. Exces¬ 
sive piston ring wear results because of difficulty of maintaining adequate 
oil film ou piston due to washing effect of the liquid. The appearance of 
liquid in the compressor discharge results in a decided drop in temperature 
of the discharge gas, which in turn causes a sudden contraction of flanged 
joints with a leaky joint likely resulting. 

There are many causes for pumping liquid. The best way to detect it is 
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to place a reliable thermometer at the suction intake of the compressor. If 
such a thermometer fails to indicate a few degrees of suction superheat, but 
indicates saturation temperature, one may be certain that liquid is present. 

J.H.E. 

626. Use of Sweetening Agents in the Manufacture of Ice Cream. K. M. 

Renner, Tex. Tech. Col., Lubbock, Tex. Ice Cream Rev., 25, No. 

9: 44. April, 1942. 

When the experimental evidence of the past few years on the use of corn 
sweeteners in ice cream is appraised, it is found that from 25 to 30% of the 
sucrose in the mix can be replaced to a definite advantage. While there is 
some variation between investigators regarding actual sweetening values of 
the various corn sweeteners, the actual variation is well within the limits of 
normal range. 

The author is of the opinion that when the percentage replacement is 
from 25 to 30% of the sucrose, the pounds of other sweetener required to 
secure the same sweetening as one pound of sucrose is as follows: Dextrose 
1.1, enzyme converted corn syrup (sweetose) 1.5, corn sjTup solids 2, invert 
sugar solution 1, honey 1.28. J.H.B. 

627. Sweetening Agents Suitable for Ice Cream. J. H. Ebb, Ohio State 

Univ., Columbus. Ice Cream Rev., 25, No. 9. Apr., 1942. 

In replacing sucrose with various other sweeteners, the first problem 
encountered is that of comparative sweetness. The published results indi¬ 
cate no “ blanketor general value can be assigned to any sweetener. The 
relative sweetness appears to depend upon the concentration being compared 
and also the supplementary effect noted when two or more sugars are present 
in the same solution. 

Formulas are given for' replacing one-third of the sucrose with only 
sufficient corn sweetener to arrive at palatability and sufficient sweetness. 
In the case of standard corn syrup, it was found that 1.5 pounds would satis¬ 
factorily replace 1.0 pound of sucrose, when one-third of a 15% sugar mix 
was replaced with corn syrup. J.H.E. 

628. Refrigeration in Ice Cream Factories and Other Dairy Plants. L. 

C. Thomsen, Univ, Wis., Madison. Ice Cream Rev., 25, No. 6: 18. 

Jan., 1942. 

Dairy plants have a choice of five major systems of refrigeration: (1) 
the direct expansion system, (2) the flooded type, (3) brine system, (4) the 
^‘sweet water’' system and (5) the “sweet water" ice storage system. Each 
has certain advantages and disadvantages, which are discussed. The sweet 
water system has had much popularity in recent milk plant installations. 

Calculations and charts are given proving that for greatest capacity and 
lowest operating costs the evaporating side of the system should be run wdth 
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the maximum suction pressure possible, still obtaining the desired tempera¬ 
tures. A room may, under certain conditions, actually be cooled to a lower 
temperature more rapidly by increasing the temperature of the refrigerant 
in the evaporating coils, than by calling for more refrigeration by turning 
down the thermostat or by operating at a lower suction pressure. In addi¬ 
tion, the cooling operation will cost Jess. This is because at higher suction 
pressures the compressor will handle a greater weight of gas with each dis¬ 
placement of the cylinder. 

It is recommended that greater use be made of gauges and instruments 
in refrigeration to check on proper operation. J.H.E. 

MILK 

629. New Tests on Refrigerated Milk. John E. Nicholas and T. 0. 

Anderson, Pa. State Col., State Col. Pa. Refrig. Engin., 44, No. 1: 

23. July, 1942. 

Bacteriological analyses in different strata in 10-gallon millc cans is a 
function of temperature. A 10-gallon milk can was fitted with sampling 
tubes located at three levels, top of breast, at middle of body, and near the 
bottom of the body. At each level three tubes were inserted to three depths, 
one at the geometric vertical center, one near the wall of the can, and one 
reaching to vertically midway between. This arrangement rendered it 
possible to remove samples of milk for temperature and bacteria determina¬ 
tions at the several levels. The bacteriological analyses reported covered 
three different sets of conditions under which the milk was cooled; namely, 
(a) with a large amount of initially available refrigeration and the water 
both in motion, (b) with a large amount of initially available refrigeration, 
but no motion of the water bath, (c) with both the milk can and water bath 
in motion simultaneously. 

The most satisfactory results were obtained when a water to milk ratio 
of 6 to 1 was employed with a heavy ice bank and the water bath agitated, 
the temperature in the top layer of milk having been lowered from 90® to 
46® P., while that of the bottom layer had reached 37® F. in one hour. Dur¬ 
ing this time, the water bath had remained below 35° F. and continued to do 
so throughout the succeeding cooling hours. The average bacterial content 
in most instances decreased, the better results being obtained under the first 
condition of cooling. 

The motion of can in addition to water-bath agitation would not seem to 
give any material advantage though a lower ratio of water to uulk was 
employed and not as much ice l\^nk. 

Milk cooled under the condition of heavy ice bank, without bath agita¬ 
tion, but with a water bath to milk ratio of 6 to 1, while only reaching 50® F. 
in the top layer in hours, revealed very little change in average bacteria 
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content of the milk after 15 hours in the cooler as compared to that of the 
fresh milk. 

The results indicate that it is particularly important to reduce the tem¬ 
perature of the top layer of the milk to below 50® F. as rapidly as possible 
because it was found that there was a variation in the ratio between the 
organisms in the fresh milk and the cream layer from as low as 5.5 to 1 to as 
high as 173 to 1. 

When homogenized milk was studied, it was found that the bacterial 
content remained practically the same under conditions in these experiments. 

L.M.D. 

630. Thermoduric Bacteria in Milk and a Simple Remedy Against Them. 

M. J. Prucha, Dept. Dairy Husb., Univ. Ill. Milk Plant Monthly, 
31, No. 4: 38. April, 1942. 

A large number of different species of bacteria belong to the thermoduric 
group, a group able to withstand in large part ordinary pasteurization ex¬ 
posures. While the general belief is that the problem of thermoduric bac¬ 
teria is primarily on the farm, not all milk plants are innocent. Milk stone 
is invariably a source of contamination. The remedy to eliminate or reduce 
the number of thermoduric bacteria consists in (1) having good, smooth- 
surface equipment, (2) washing utensils and equipment properly so no 
bacterial food remains, (3) giving the utensils satisfactory bactericidal 
treatment, and (4) avoiding prolonged heating of milk at temperatures 
between 100° and 143° F. G.M.T. 

631. The Problem of Controlling Rancidity in Milk. N. P. Tarassuk, 

Dairy Inds. Div., Univ, Calif., Davis, Calif. Milk Plant Monthly 
31, No. 4: 24. April, 1942. 

Rancidity in milk may result from spontaneous or induced activity of 
lipase present in milk. Apparently two lipases exist in milk, the one present 
in late lactation milk which acts spontaneously and the other present in all 
milk which is activated by (1) prolonged and violent agitation of warm milk, 
(2) rewarming precooled milk to 86° F. and recooling to 50° F., and (3) 
homogenization. By wanning the milk to 105° F. development of rancidity 
is prevented although the enzyme is not destroyed. The feeding of green 
feed to COW’S in late lactation remedies the difficulty with spontaneous devel¬ 
opment of rancidity. By mixing normal milk wdth ‘‘lipase milk’’ in the 
proportion of 2 to 1 before any rancidity develops prevents the development 
of rancidity. G.M.T. 

632. Preparation and Merits of Churned Buttermilk. C. L. Roadhouse, 

Dairy Dept., Univ. Calif., Davis, Calif. Milk Plant Monthly, 31, 
No. 7:32. July, 1942. 
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A method for making a pleasing-fiavored, churned, cultured buttermilk, 
containing butter granules, between 1 and 2 per cent of milk fat, and which 
does not “whey oft” readily has been developed. The method consists basi¬ 
cally in (1) pasteurizing the skim milk between 185° and 190° F. for 1 hour, 
(2) pasteurizing the cream separately at 145° F. for 30 minutes, (3) adding 
0.75% fat in the form of cream along with approximately 1% starter, setting 
the milk at 70° F. and ripening to an acidity of 0.70 to 0.80% before churn¬ 
ing, (4) churning at 68° to 72° F. by circulating the culture through a 
centrifugal pump back to the vat, (5) salting at the rate of 2.2 ounces salt 
to each 100 pounds of milk, (6) adding 0.025% sweet cream to the granuled 
product, and finally, (7) cooling the buttermilk to 40° F. or below. Butter 
color is added to give the granules a high color. Butter granules remain 
more evenly distributed if the buttermilk is not bottled until after it is 
stored several hours. G.M.T. 

633. Homogenized Milk. G. M. Trout, Mich. Agr. Expt. Sta., East 

Lansing, Mich. Milk Dealer, 31, No. 10: 30-31, 51-53. July, 
1942. 

The problems incident to the production and use of homogenized milk are 
discussed under behavior changes and processing. The problems under 
behavior changes are classified as follows: 1. Processing. 2. Packaging. 
3. Distribution. 4. Laboratory Control. 5. Cooking. 6. Utilization of 
Returns. The processing problems are: 1. Rancidity. 2. Sedimentation. 
3. Increased Bacterial Counts. 4. Inefficient Homogenization-meeting 
Standards. 5, Cream Line. The following conclusion is made: While 
homogenized milk apparently gives rise to numerous problems, these prob¬ 
lems fortunately may be solved. Let it be recognized that problems exist in 
the processing and distribution of any product and homogenized milk is no 
exception. The general’acceptance of homogenized milk indicates that the 
problems are not insurmountable. C.J.B. 

634. The Use of Laboratory Pasteurization in Solving Milk Problems. 

Elias B. Botcb, Herman C. Lythoob, Ella K. Ruqoles and Rob¬ 
ert Lane, Div. Food and Drugs, Dept. Health, Boston, Mass. Jour. 
Milk Tec^ol., 5, No. 3:146. May-June, 1942. 

Laboratory pasteurization with standard agar plate counts on the milk 
before and after pasteurization when compared with the plate count of the 
plant pasteurized sample will give a good indication as to the efficiency of 
the pasteurization process carried on in the plant. 

In many cases of high bacterial count on pasteurized milk the cause has 
been found to be due to the presence of thermoduric organisms in the raw 
supply. Milking machines have been found frequmtly to be the cause of 
these organisms in the raw milk. Laboratory pasteurization was also shown 
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to give a “clean bill of health” in some cases to the producer. Showing 
conclusively that the trouble was in the plant. L.H.B. 

635. Chemical Taste in Milk. Chas. Pauey, Certified Labs., Inc., New 

York, N. T. Jour. Milk TechnoL, 5, No. 3:165. May-j'une, 1942. 

Reporting an incident where the use of a chlorine rinse for dairy equip¬ 
ment caused a chemical flavor to be imparted to the first milk over the 
equipment. L.H.B. 

636. Relation of Ascorbic Acid and of Oxygen to Oxidized Flavor in Milk. 

J. C. Leeideb and E. 0. Herreto, Vt. Agr. Expt. Sta., Burlington. 
Vt. Agr. Expt. Sta. Bui. 481. 1942. 

The milk used in this study was from the university herd and averaged 
3.85 and 3.91% fat during the two trials. Pasteurization was carried out 
in a 30- and a 1-gallon stainless steel vat. Cooling was done either in the 
pasteurizer or over tinned copper surface cooler. 

Oxygen and ascorbic acid determinations and flavor observations were 
made on the pasteurized milk held for definite storage periods. The surface- 
cooled milks lost more ascorbic acid and developed more oxidized flavor than 
did those cooled in the pasteurizing vat. 

The ascorbic acid content of the mixed herd milk was not altered by 
changes from winter to summer feeding but the oxidized flavor occurred 
more often during the bam feeding. The off flavor appeared when approxi¬ 
mately I of the ascorbic acid was destroyed in 15 cases. 

Ascorbic acid is probably not the only constituent related to the develop¬ 
ment of oxidized flavor. Since the theoretical ratio of oxygen/ascorbic acid 
disappearance is disturbed it is evident that other oxidizable constituents 
are involved. P.H.T. 

637. The Bacterial Flora of Milk Pasteurized by the “In Bottle” Process. 

A. Rowlands, Midland Agr. Col., and A. L. Pbovan, Harper Adams 
Agr. Col. Proc. Soc. Agr. Bacteriologists (Eng.), 29-30. 1941. 

Forty-two pint samples of milk were examined during storage at 15.5° C. 
The mean keeping quality was 2.82 days. Acid-producing organisms were 
predominant in fresh samples, but at the end of 48 hours were superseded 
by alkali-producing and peptonizing types, which formed only a relatively 
small proportion of the total flora of fresh samples. After 72 hours, organ¬ 
isms producing an acid clot reaction in litmus milk predominated. 

M.W.Y. 

638. Chlorine Sterilization in Practice and in the Laboratory. F. K. 

Nbavb and W. a. Hot. NatL Inst. Res. in Dairying, Univ. Read¬ 
ing. Proc. Soc. Agr. Bacteriologists (Eng.), 37-38. 1941. 
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Tinned trays were artificially infected with a 10% milk suspension of 
Staphyloeoeem aureus and dried at 37° C. for 1 hour before use. Chlorine 
solutions were poured on to the trays, which were mechanically agitated. 
The time taken for a reduction of 99.9% in the number of bacteria on trays 
rinsed with solutions containing 400, 200, 100 and 25 p.p.m. available 
chlorine was respectively 1, 1.3, 2.5, and 6.5 minutes. All tests were made 
with solutions prepared in tap water at a temperature of 55 to 60° F. 

M.W.Y. 

639. The Methylene Blue and Resazurin Tests for Pasteurized Milk. A. 

BowiiANDS, Midland Agr. CoL, and A. L. Pbovan, Harper Adams 

Agr. Col. Proc. Soc. Agr. Bacteriologists (Eng.), 36. 1941. 

The results from 160 samples showed that neither the methylene blue 
nor the resazurin test at 37° C. is a reliable measure either of reeontamina- 
tion or of the keeping quality of pasteurized milk when the samples are 
examined immediately after removal from cold storage on the morning after 
processing. Results of the methylene blue test at 15.5° C. indicate that some 
preliminary incubation is necessary before either of these tests is ap¬ 
plied. M.W.Y. 

640. Bacteriological Indices of the Sanitary Quality of Market Cream. 

Elizabeth D. Bobinton, Earle K. Bobman, and Fbiend Lee 

Mickle, Bur. of Lab., Conn. State Dept. Health, Hartford, Conn. 

Amer. Jour. Pub. Health, 32, No. 5:464-470. 1942. 

A total of 730 samples of raw, import and retail pasteurized cream were 
tested for the enumeration of bacteria by the following laboratory methods: 
48 hours plate count at 37° C., at 55° C., and at 20° C., 4 days plate count 
at 8° C., and the direct microscopic clump count. The results indicate 
that the direct microscopic dump coimt is the most satisfactory and prac¬ 
tical method for this purpose, especially if the sample, when pasteurized, 
is supplemented by a coliform determination and a phosphotase test. The 
direct microscopic method is the best method for detecting spore-forming 
organisms which ordinarily do not produce colonies on agar plates incubated 
at 8° C., 20“ 0., 37° C., and only rarely develop at 55° C. M.W.Y. 

641. San Francisco’s Pasteurization Ordiiumce Finally Upheld. Ern- 

TOBiAL. Amer. Jour. Pub. Health, 32, No. 5:470. 1942. 

An ordinance banning the sale of milk in San Francisco, except certi¬ 
fied, unless it was pasteurized, which was passed in 1933 by the Board of 
Supervisors, was finally upheld as a*proper exercise of the police power by 
a decision of the Supreme Court of California rendered April 2,1942. 

M.W.Y. 
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642. Milk Delivery Costs. Anonymous. Milk Dealer, 31 , No. 8: 54. 

May. 1942. 

A study made by the California Department of Agriculture showed that; 
When more than case lots are delivered at each wholesale stop, time studies 
revealed, the average delivery cost is 0.8883 of a cent per quart and in those 
instances where less than case lots are delivered the average wholesale 
delivery cost is 1.4604 cents, or a saving of 0.622 of a cent per quart. Study 
of costs pertaining to savings in multiple retail delivery sales reveal cost 
per single quart is 3.5758 cents, while the cost per quart in multiple sales 
is 2J715 cents, or a saving of 0.8043 of a cent per quart. 

Tables are presented showing ‘‘breakdown'^ information on wholesale 
and retail delivery costs. C.J.B. 

643. “Vemp” Campaign. Anonymous. Milk Dealer, 31 , No. 8; 33, 70. 

May, 1942. 

A survey conducted by Milk Foundation, Inc., of Chicago, in which 
1,552 housewives in Chicago, Cleveland, Indianapolis, Columbus, and Dayton 
revealed that 43% of the adults interviewed did not drink milk because they 
disliked it; 44% of the adult males and 49% of the adult females drank no 
milk at all; 9% of children 6 to 12 years of age and 13% of children 13 to 
18 years of age drank no milk at all. 

As a result of this survey a promotion campaign to sell more milk has 
been started. The campaign is built around ‘‘Vemp,^’ a word made up of 
the first letters of the words ‘‘Vitamins,^’ “Energy,^’ ‘‘Minerals,^' and 
‘‘Proteins.” 

The following steps for action are suggested; 1. Stress importance of 
adequate daily amounts of milk to tie in with present government campaign 
for adequate nutrition. 2. Direct campaign to adults because adults account 
for two-thirds of population and for 76% of milk deficiency below recom¬ 
mended minimums. 3. Direct campaign to both men and women because 
consumption deficiency is split nearly equally. 4. Feature milk drinking 
but keep it above beverage class by stressing nutritional superiority to meet 
beverage competition, 5. Play up food values. 6. Play up between-meal 
and bedtime drinking because this market is only partially developed and 
competition is weaker here than at meal time. 7. Meet the taste factor 
squarely, since taste loomed large in the survey as a reason for not drinking 
milk. 8. Play up the economy of milk. 9. Stress refreshing quality of 
milk in hot weather. 10. Tie into general nutrition-consciousness and gov¬ 
ernment program. C.J.B. 

644. Studies Relating to Soft Curd Milk. J. G. Marquardt^ N. T. Agr. 

Expt. Sta., Geneva, N. Y. Milk Dealer, 31 , No. 8: 27-28, 72. May, 

1942. 
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A proeedore for predicting soft curd values is described. Perfections 
have been made in gravitation studies involving 8-layer components based 
upon the creaming factor for normal milk. Composition and curd char¬ 
acter in cconponents of normal and homogenized milk and heat treatments 
to produce soft curd milk have been studied. The follomng conclusions 
are drawn: 1. A curd value in Hill units of 20 or less can be predicted vrhen 
a value of 10 Hill units or less is attained after a two-minute settixig period 
at 90° F. 2. Three-layer component gravitations have advantages over 
two-layer separations in measuring homogenization efBciency. 3. The fat, 
solids and ash are evenly distributed in various components of gravitated 
homogenized mUk. This is not true with unhomogenized milk. 4. The curd 
strength of gravitated homogenized milk components is very uniform. This 
is not true with unhomogenized milk. 5. It is possible by employing certaih 
heat treatments to produce milk that has a curd strength comparable to that 
of properly homogenized milk. 6. Homogenization decreases the normal 
setting time of milk. C.J.B. 


PHYSIOLOGY 

645. Factor of Age in the Rate of Absorption of, and in Mammary Stimu¬ 

lation by, Testosterone Monopropionate Pellets in Rats. Thomas 
R. Fobbes, John Hopkins Univ., Endocrinology, 30, No. 5: 765. 
May, 1942. 

Testosterone monopropionate pellets weighing 8.4 mg. to 10.5 mg. were 
implanted in 4 male and 5 female litter-mate rats aged 16 days; in 4 males 
and 5 females, aged 47 and 54 days; and in 5 males and 4 females, aged 12 
months. Each rat received one pellet and gross observatioiu were made of 
the mammary glands 12 days after implantation. Neither males nor 
females of the 16-day'dld'group showed any gross mammary development. 
Three males and 2 females of the 47- and 54-day-old group showed no ap¬ 
preciable mammary stimulation. The mammary glands of one male and 3 
fmnales showed slight stimulation. The mammary glands of all 5 males 
and 2 females of the 12-month-old group were moderately developed and 
the other 2 females showed marked mammary growth. B.P.B. 

646. Effects of BSstrogetu upon the Young of Injected Lactating Rats. 

Chabues E. Wmchest and Stlvu Ebbsioan, Univ. Cincinnati. 
Endocrinology, 30, No. 5:742. May, 1942. 

The litters of each of 15 rats were reduced to 8 males and 8 females 
and the mother rats injected withim estrogen immediately after parturition. 
The weights of each mother and littmr were recorded daily. The young grew 
normally for 5 or 6 days and then failed to gain weight at the normal rate. 
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On the 14th day the weights of the young of injected mothers ranged from 
11 to 17 gm. as compared with an average weight of 26.5 gm. for those of 
untreated controls. Lactation did not seem to be suppressed inasmuch as 
milk exuded from the cut surface of the mammary glands at autopsy and 
sections showed alveoli distended with secretion. Milk was also present in 
the stomachs of most of the young when they were autopsied. It was thought 
that loss of maternal instinct probably accounted in part for failure of the 
young to grow normally. R.P.R. 

647. Studies Concerning the Mechanism Controlling the Initiation of 

Lactation at Parturition. I. Can Estrogen Suppress the Lac¬ 
togenic Hormone of the Pituitary? Joseph Meites and C. W. 
Turner, Univ. Mo. Endocrinology, 30 , No. 5: 711. May, 1942. 

The daily administration of 2 mg. of either diethylstilbestrol or testos¬ 
terone propionate to lactating rats for the first 6 days postpartum increased 
the pituitary lactogen content, caused some reduction in the amount of 
milk present in the mammary glands, and resulted in the death of 38 and 
11% respectively of the young rats. Pituitaries from lactating rats which 
were not suckled for the first week after parturition contained 50% less 
lactogen than suckled rats and the mammary glands from these rats were 
practically devoid of milk. The injection of 0.0125 to 100 mg. of diethyl¬ 
stilbestrol over a 5-day period into normal immature and mature male 
guinea pigs increased the lactogen content of their pituitary glands up 
to 438%, the smaller dosages being more effective than the larger dos¬ 
ages. R.P.R. 

648. Studies Concerning the Mechanism Controlling the Initiation of 

Lactation at Parturition. II. Why Lactation is not Initiated 
During Pregnancy. Joseph Meites and C. W. Turner, TTniv. Mo. 
Endocrinology", 30 , No. 5: 719. May, 1942. 

Immature female guinea pigs weighing approximately 300 gm. were 
injected with either one mg. of progesterone, 25 to 200 International Units 
of estrone, or one mg. of progesterone plus 25 to 200 I.U. of estrone daily 
for 5 days. Progesterone alone had no effect on the lactogen content of the 
pituitary, estrone alone caused definite increases in pituitary lactogen con¬ 
tent, and certain combinations of progesterone and estrone either entirely 
prevented or reduced the increase in pituitary lactogen content which was 
obtained with estrone alone. It was suggested that during pregnancy the 
progesterone-estrogen ratio is such that progesterone overrides the lactogen- 
stimulating effects of estrogen and that this action accounts for the fact that 
the pituitary lactogen content remains as low during pregnancy as in the 
nonpregnant state. R.P.R. 
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649. Studies Concernii^r the Mechanism Controlling the Initiation of 

Lactation at Parturition. III.' Can EsUrogen Account for the 
Precipitous Increase in the Lactogen Content of the Pituitary 
Following Parturition? Joseph Meites and C. W. Turner, Univ. 
Mo. Endocrinology, 30, No. 5:726. May, 1942. 

The effect of the length of estrogen treatment on pituitary lactogen 
content was determined in 40 male guinea pigs. Eleven similar pigs re-, 
ceiving no treatment served as controls. All experimental pigs received 
the same dosage of estrone (3000 I.U.) over periods of time varying from 
one to 80 days. A 142 and 204% increase in pituitary lactogen content was 
obtained in the groups injected for 1 and 2 days respectively and a 371% 
increase was secured in animals injected for 5 days. The animals injected 
for 10 to 30 days did not show a significantly greater increase over those 
injected for 5 days. Pour New Zealand White rabbits were hysterectomized 
on the 20th day of pregnancy and they were killed 5 days later. Individual 
assays of the pituitaries showed that an average increase of 83% in pituitary 
lactogen content had been obtained. B.P.B. 

650. Progesterone-Like Activity of Some Steroid Compounds and of 

Diethylstilbestrol in Stimulating Mammary Lobule-Alveolar 
Growth. John P. Mixner and Charles W. Turner, Univ. Mo. 
Endocrinology, 30, No. 5: 706. May, 1942. 

Various compounds were assayed for their mammary lobule-alveolar 
growth promoting properties by injecting them simultaneously with a stand¬ 
ard dosage of estrone into ovarieetomized virgin mice. The criterion of 
response was the percentage of mice showing a minimum amount of lobule- 
alveolar growth after 10 daily subcutaneous injections. Bmplo 3 dng pro¬ 
gesterone as a standard, pregneninolone had an activity of approximately 
one-half, desoxycorticosterone acetate and dehydroandrosterone of one-third, 
diethylstilbestrol of one-fourth, acetoxy-pregnenolone of one-sixteenth, and 
methyl testosterone of one twenty-fifth, that of progesterone. Testosterone 
and testosterone propionate in dosages up to 10 mg. failed to stimulate 
lobule-alveolar growth. B.P.B. 

651. Effect of the Gonadotropic Substance of Pregnant Mare’s Serum on 

the Blood Plasma-Ascorbic Acid of the Castrate Bovine. Fred- 
EMCK N. Andrews and Balph E. Erb, Purdue Univ. Endocrinol¬ 
ogy, 50, No. 6:671. May, 1942. 

The injection of 1000 to 2000 rat units of pregnant mare’s serum into 
grade Hereford steers approximately two years of age was followed by 
decreases in venous blood plasma-ascorbic acid of 42 and 56% respectively 
within a period of 5 hours. The recovery of blood-plasma-ascorbic acid to 
approximately pre-injection levds required 44 to 68 hours. B.P.B. 
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652. Progesterone Effect on Pituitary Lactogen Content and on Mam¬ 

mary Glands of Ovariectomized Rats. B. P. Reece and J. A. 
Bivins, N. J. Agr. Expt. Sta. Soc. Expt. Biol, and Med. Proc., 49 , 
No. 4: 582. Apr., 1942. 

The daily injection of 15 mg. of progesterone for 10 days into sexually 
mature spayed rats increased the lactogen content of their pituitary glands, 
caused no significant increase in pituitary weight, and induced moderate 
development of the lobule-alveolar system and limited secretory activity 
of the mammary glands. The daily administration of 15 mg. of progesterone 
plus 33 micrograms of estrogen for 10 days caused extensive lobule-alveolar 
growth of the mammary glands. The secretory activity of the glands was 
somewhat greater than that following progesterone treatment. This treat¬ 
ment was less effective than estrogen but more effective than progesterone in 
increasing the lactogen content of the pituitary gland. R.P.R. 

653. Lobule-Alveolar Growth of Mammary Glands of Hypophysec- 

tomized Female Rats. Ralph P. Reece and Samuel L. Leon¬ 
ard, N. J. Agr. Expt. Sta. and Cornell Univ. Soc. Expt. Biol, and 
Med. Proc., 49 , No. 4; 660. Apr., 1942. 

Twenty sexually mature virgin rats were ovariectomized and hypophy- 
sectomized. Beginning on the day following operation 6 of the rats were 
injected subcutaneously daily for 15 days with 300 micrograms of testos¬ 
terone propionate and the remaining 14 rats received subcutaneously 300 
micrograms of testosterone propionate plus 0.5 cc. of growth hormone intra- 
peritoneally daily for 15 days. The rats were sacrificed on the day after 
the last injection and the right abdominal mammary glands studied as whole 
mounts. The mammary glands of the testosterone-treated rats showed 
involutionary changes but the lobule-alveolar system of the mammary glands 
was developed in 12 out of 14 rats receiving the combined treatment. 

R.P.R. 

654. Assay of Adrenals for Lactogenic Hormone. V. Hurst, J. Meites 

AND C. W. Turner, Univ. Mo. Soc. Expt. Biol, and Med. Proc., 49 , 
No. 4: 592. Apr., 1942. 

Two commercial adrenal cortical extracts, whole untreated rabbit ad¬ 
renals, and isoelectric precipitates of beef, hog and rabbit adrenals were 
assayed for lactogenic hormone by the intradermal pigeon crop gland 
method. None of the adrenal compounds was found to contain the lacto¬ 
genic hormone. R.P.R. 

655. Effects of Testosterone Propionate in Spayed Female Rats. O. L. 

Laqueur, Stanford Univ. Soc. Expt. Biol, and Med. Proc., 49 , 
No. 3:425. Mar., 1942. 
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Six rats were spajed daring ostrus and 6 rats were spayed on the second 
day of diestms. 4 mg. of testosterone propionate were administered sab- 
cutaneoosly every other day over a period of 20 days. The animals were 
killed 24 hours after the last injection. The mammary glands riiowed an 
increase of interlobular fibrous tissue, overgrowth of the ducts, some evi¬ 
dence of secretion but no proliferation of the alveoli. B.P.B. 

656. Effect of Certain Hormones and Drugs on the Perfused Mammary 

Gland. W. E. Petebsen, University of Minnesota. Soc. Exp. 

Biol, and Med. Proc., 50, No. 2:298. June, 1942. 

The experiments were carried out on bovine mammary glands perfused 
according to a previously reported technic. Glands were obtained from a 
packing plant and the teats were cannulated to permit drainage of the 
milk immediately after the perfusion started and the cannula left in situ 
during the experiment. Blood pressure was maintained at 110 mg. Hg 
pressure and the tested substances were injected into the arterial blood as 
it entered the gland. Pitoein injections were made following the injection 
of other substances as a test for the completeness of the milk ejection. 
Pitoein and acetylcholine caused complete ejection of milk, the former caused 
a decrease in blood flow while the latter had no influence on blood flow. 
Pitressin caused an incomplete ejection of milk and a marked decrease in 
blood flow. Epinephrin and histamine caused a partial ejection of milk 
and a marked decrease in blood flow. Ergonovine had no effect on milk ejec¬ 
tion but caused some vasoconstriction. Acetyl-B-methylcholine caused a 
partial ejection of milk and carbamylcholine had no effect on milk ejection. 
Atropine slightly increased the blood flow and completely prevented any 
response to acetylcholine and acetyl-B-methylcholine but had no influence 
on the action of pitoein or pUressin. The results were believed to indicate 
that the mammary gland is innervated by the parasympathetics as well as 
the sympathetica. R.P.R. 

657. Forced Ovulation of Normal Ovarian Follicles in tiie Domestic 

FowL R. M. Praps, M. W. Olsen and B. H. Neheb, U.S.D.A. 

Soc. Exp. Biol and Med. Proc., 50, No. 2:308. June, 1942. 

Ovulation of the normally growing follicle of the hen’s ovary was induced 
prematurely by as much as 17 hours by the intravenous injection of several 
hormones. A luteinizing principle from horse anterior pituitaries caused 
ovulation of follicles to 11 hours prior to time of normally expected ovu¬ 
lation in 100% of injected hens. Prehysin, Gonadin, and Anteron were 
^ective when injected at suffidentli^ high levels. At certain submaximid 
injection levels the percentage of ovulating bens decreased with incr^uing 
prematurity of the ovarian f<dliele8 and this effect was more pronounced in 
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follicles of relatively great prematurity at the time of effect of the injected 
hormone. R.P.R. 

658. Time Required for Induction of Ovulation Following Intravenous 

Injection of Hormone Preparations in Fowl. R. M. Fraps^ O. 
6. M. Riley and M. W. Olsen, U.S.D.A. Soc. Exp. Biol, and Med. 
Proc., 50, Ho. 2: 313. ^ June, 1942. 

Ovulation time following intravenous injection of gonadotropic hormones 
into pretreated and normally laying hens was determined. The interval in 
pretreated hens averaging more than 2 ovulations per hen at time of autopsy 
was 6.8 hours. Ninety per cent of 69 normally laying hens ovulated from 

6.5 to 8.5 hours following injection and the remaining 10% required up to 

9.6 hours. The minimal ovulating interv^al for pretreated hens was 6.1 

hours and for non-pretreated hens, 6.5 hours. R.P.R. 

659. Functions of the Adrenal Cortex. Prank A. Hartmen, Ohio State 

University. Endocrinology, 30, No. 6: 861. June, 1942. 

Cortilactin, an extract of the adrenal cortex, was recently prepared by 
isoelectric precipitation. This factor enables lactating rats kept in good 
condition by other adrenal fractions to lactate adequately so that all of their 
pups grow at a normal rate. Cortilactin does not affect glyconeogenesis and 
full replacement has been obtained by means of KendalUs compound E. 
The author suggests that it seems quite possible that more than one factor 
may be effective in lactation. R.P.R. 

660. Mammogen and Unilateral Mammary Gland Growth in the Rabbit. 

A. A. Lewis and C. W. Turner, University of Missouri. En¬ 
docrinology, 30, No. 6: 985. June, 1942. 

Unilateral percutaneous treatment of male rabbits wuth estrone or 
diethylstilbestrol caused either greater mammary gland development on the 
treated side or development of treated glands only. In 2 of 3 rabbits the 
injection of estrone and the unilateral percutaneous application of turpen¬ 
tine caused the development of larger mammary glands on the turpentine- 
treated side. Turpentine-treated mammary glands from diethylstilbestrol- 
injected rabbits, however, did not show' any increased size over that of 
untreated glands. One rabbit treated unilaterally percutaneously with 
turpentine had several mammary glands showing some duct development 
on the treated side but 3 additional rabbits gave negative results. Other 
irritants, oil of myrrh, medical turpentine, oil of cantherides, and eucalyptus 
oil, applied unilaterally to the akin gave negative results. R.P.R. 

661. Pituitary Weight in Growing New Zealand White Rabbits in Rela¬ 

tion to Live Weight. H. H. Kibler, A. J. Bergman and C. W. 
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Turner, University of Missouri. Endocrinology, 31, No. 1: 59. 
July, 1942. 

Pituitary and associated body weights for growing New Zealand White 
rabbits were presented in a logarithmic chart. A covariance analysis of 
pituitary to body weight relations established a statistically significant 
difference due to sex. The ratio of pituitary to body weight was found to 
decline with increase of body weight during growth. Fitted equations 
relating pituitary and body weights were compared with curves for mature 
animals of different species for a similar range of body weights. Prediction 
tables of pituitary weight from body weight and for proportioning pituitary 
or metabolism stimulating injections according to pituitary weight were 
presented. R.P.R. 

662. Influence of Some Steroid Hormones on Lactation in Adrenal- 

ectomized Rats. Robert Gaunt, W. J. Bversole and E. 0. 
Kendall, New York University and Mayo Foundation. En¬ 
docrinology, 31, No. 1: 84. July, 1942. 

The influence of various steroids of the adrenal cortex and of the gonads 
on the deficient lactation of adrenalectomized rats was studied. Indications 
were that all substances known to relieve adrenal insufficiency were some¬ 
what helpful. Desoxycorticosterone acetate gave variable results as it was 
helpful in some but not in all rats and in no case maintained lactation equal 
to the average control figure. Normal lactation for the first 17 days was 
obtained with compound B and the whole extract of the adrenal cortex. A 
tentative conclusion was drawn that full mammary secretion is dependent 
on those adrenal factors which affect primarily carbohydrate metabolism. 
Estrogen and androgen inhibited lactation even in small doses but pro¬ 
gesterone did not inhibit lactation. R.P.R. 

663. Non-Effect of Hysterectomy upon the Mammary Gland of the Mon¬ 

key. Harold Speert, Carnegie Institution of Washington and 
Johns Hopkins Hospital. Endocrinology, 31, No. 1: 97. July, 
1942. 

Hysterectomy was performed on an adult rhesus monkey on day 22 of an 
ovulatory menstrual cycle and observed over a period of 6 months. Hyster¬ 
ectomy failed to delay involution of the corpus luteum and had no effect on 
the mammary glands. B.P.R. 

664. Mammary Grt>wth in Male Mice Fed Desiccated Thyroid. W. U. 

Gardner, Yale University. Endocrinology, 31, No. 1:124. July, 
1942. * 

The mammary glands of 13 oat of 14 intact male mice fed desiccated 
thyroid mixed with their feed, 1.5 mg. per kg., showed proliferation of the 



PHTSIOLOGY 


A273 


ducts and hyperplastic end-buds. Similarly treated castrated male mice 
showed no mammary growth. The adrenal glands of the thyroid-fed intact 
or castrated male mice were greatly increased in weight and the kidneys and 
livers were also larger than those of the controls. The amounts of desiccated 
thyroid consumed were insufiScient to reduce the gain in body weight below 
that of the controls. B.P.R. 

655. Effects of Lactogen on Normal and Adrenalectomized Female Rats. 

Charles E. Tobin, University of Rochester. Endocrinology, 31, 

No. 2:197. Aug., 1942. 

Daily subcutaneous injections of lactogen for a period of 4 to 10 days to 
normal rats caused maintenance of corpora lutea which apparently secreted 
progestin. Bilaterally adrenalectomized rats similarly treated from the day 
of operation until death or until the 15th day for those which survived 
longer had a significantly prolonged survival time when treated with one 
lactogen (Difco) but not with the other one (Schering) and showed better 
maintenance of follicles and corpora lutea than untreated controls. 

R.P.R. 

666. Relation of Thyroid to Growth. I. Effects of Crystalline Thyroxin 

upon Rate of Growth, Food Intake and Body Composition of 

Female Albino Mice. Marvin Koger, Victor Hurst and C. W. 

Turner, University of Missouri. Endocrinology, 31^ No. 2: 237. 

Aug., 1942. 

Virgin mice weighing from 13 to 16 gm. were injected subcutaneously 
daily with crystalline thyroxin in doses ranging from 0.015 to 0.04 mg. The 
thyroxin-treated animals repeatedly gained an average of 28% more weight 
during a 5-week period than did the controls. The maximum difference was 
attained in about 5 weeks after which time the difference gradually became 
less but the body weight of the thyroxin-treated mice did not exceed that 
which was finally attained by the controls. The daily food intake of the 
thyroxin-treated mice was approximately 25% above that of the controls. 
The carcasses of the injected mice had a higher percentage of water and 
nitrogen and a lower percentage of fat than did those of the controls. 
Thyroxin-injected mice stored more nitrogen and gained more in body 
weight per unit of food intake than did controls for the first few weeks of 
treatment. After the rapid gains had subsided the controls were more effi¬ 
cient than were treated mice. Control mice stored more fat and more 
energy per unit of food intake than did the thyroxin-injected animals. The 
practical application of the results to the livestock industry was discussed. 

R.P.R. 

667. Pituitary Weight of Growing Male Albino Rat Related to Body 
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Weight. John P. Mixnssr and Chaedes W. Txjbner, University of 
Missouri. Endocrinology, SI, No. 2: 261. Aug., 19^. 

One hundred and thirty-five male albino rats of the Wistar strain were 
used to obtain data relating pituitary and body weights. Data were corre¬ 
lated by fitting the data by the product moment method to the equation 
Y = a + bX and by fitting the points on the line of means by the method of 
least squares to the equation Y = ax'*. The latter equation indicated that 
pituitary weight was not directly proportional to body weight but varied 
with the 0.68 power of body weight E.P.R. 

668. Reconsideration of the Significance of Some Plant Characteristics 

in Relation to Yield of Gonadotropic Material. John W. Mit- 
CHEUi, Bxtbin Bokaset and James T. Bradbubt, U.S.D.A. En- 
docrinologj', SI, No. 2: 283. Aug., 1942. 

Data collected during the last 3 years diowed that ovulation was induced 
in rabbits as the result of the administration of some plant juice extracts 
during the spring and summer months as measured by the arbitrary stand¬ 
ards previously described. Many negative results were observed during all 
seasons of the year. Positive assays were not found to be correlated with 
any of the plant characteristics noted such as age, succuleney, hydrogen-ion 
concentration of the juice, or with any factor of the environments under 
which the plants were grown, R.P.R. 

MISCELLANEOUS 

669. The Application of Plate Type Evaporators to Truck Bodies. Al¬ 

bert F. Sawvbr, Development Engineer, Dole Refrigerating Co., 
Chicago, 111. Refr^. Engin., 4S, No. 6; 349. June, 1942. 

Vacuum plates consist of two sheets of metal forming a flat box within 
which are evaporative coils of steel tubing. A vacuum is drawn on the 
space between the metal sheets which draws them against the tubing. Edges 
and comers are welded to form a hermetically sealed compartment. If hold¬ 
over capacity is desired, a eutectic solution is placed in the inter-plate space 
before exhausting. Two types of holdover plates are made, those of com¬ 
paratively thin cross section for 4- to 5-hour holdover effect, and others of 
2f-inch thickness for 12- to 18-hour holding. These latter require spacers 
over the coils to build up to the required thickness. 

Eighteen-degree solution is recommended for temperatures of 36° F., 
while - 6° solution is required for temimratures of 0° to 5° F. K factor for 
the plates is set at 2 B.t.u., and a temj^erature difference of 18° for the 36° F. 
work, while a t.d. of 15° is selected for the low temperature duty involved 
in ice cream trucks or trucks handling low temperature froseu foods, 1%i8 
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is because of the inherent refrigeration in frozen foods and ice cream, the 
latter loading in at -10° F. or lower. 

Low temperature holdover plates may be located in practically any posi¬ 
tion with satisfactory results, while high temperature plates are best located 
on side walls with drip trough placed below them. Long distance transpor¬ 
tation trucks must be equipped with refrigerating units powered either by 
separate power plants or power take-offs, and the system designed to oper¬ 
ate about 18 hours out of 24, using either dry plates or partial holdover 
plates. L.M.D. 
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ABSTRACTS OF LITERATURE 

BOOK REVIEW 

670. Nutrition and Chemical Growth in Childhood. Volume I: Evalua¬ 
tion. IciE 6 . Mact, Director of Research Laboratory of the Chil¬ 
dren’s Fund of Michigan. Charles C. Thomas, Publisher, Spring- 
field, Illinois. 

The purpose of this book is not especially to trace new scientific problems 
but as stated, “to contribute to the enlargement of scientific knowledge of 
nutrition and growth in childhood.” This means, that even though the 
results might only confirm earlier exi)eriences, its purpose still will be ful¬ 
filled. The value of the work presented here lies in its fine organization, the 
thoroughness with which the experiments have been carried out and the 
honest and well-arranged presentation, which altogether very well might 
serve as a pattern for other similar investigations. 

The book is divided in two main parts. The first part presents results 
from the ten-.vear stud}’, in which 50 physicians, chemists, dieticians and 
home-economists have participated. The last part outlines the chemical 
methods used by the authors. It is possible to follow the planning of the 
experiments and the experiments themselves in all details. 

The great majority of the numerous observations and figures presented 
ar(i original and only now and then compared with other investigators’ 
results, when such comparison was found proper for a verification. This 
fact increases the value of the book considerably and makes it a precious 
source of information for any nutritionist or pediatrician when planning 
diets for children. 

The “Introduction” and “General Considerations” deserve special at¬ 
tention. Some of the statements here are of fundamental character as, i.c., 
“The purpose of the intensive investigations of normal children, which have 
been carried out in this laboratory for ten years, has been to obtain sufficient 
knowledge of the normal child to enable comparative evaluation of the 
metabolism of the ill child.” 

No doubt, Dr. Macy touches here something very important. Too often 
our attention is attracted one-sidedly to the sick child, but for a sound judg¬ 
ment we cannot very well know too much about the food metabolism of the 
healthy child, and here Dr. Macy’s book furnishes ample contributions to 
earlier knowledge. The justification for the investigation of this, the nor¬ 
mal child’s nutrition and growth, is expressed in another statement: “It is 
evident, that the attainment of maximum capacity toward maturity requests 
growth and development during optimal nutritional conditions.” 

Finally it is worth while to point out that the experiments' presented 
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show that the best food science at present is able to give children apparently 
does not always procure sound and strong teeth without caries. There is 
evidently still some possibility for further improvement in children’s nutri¬ 
tion, especially in regard to the mineral metabolism. 

The second part of the investigation of Dr. Macy and coworkers, called 
“Volume II; Interpretation,” in which the implications will be discussed, 
must be looked for with keen interest. Bemai’d Spur. 

BEEEDINO 

671. The Effect of the Age at the First Calving on Growth and Fat Pro¬ 
duction and the Results with Respect to Economy of Production. 
Aldem vid fdrsta kalvduktionsresultatet.) Abtub Hansson, 
Lantbrukshogskolans institution for avelsochrasliira. Kungl. Lant- 
bruksakademiens Tidskrift, 80, No. 5: 387-412 (English sumraaiy, 
411-412). 1941. 

The effect of the age at the first calving on the growth and fat production 
of Swedish Red and White Cattle (S.R.B.) was studied. The growth of the 
cow continues until it is 6 years of age. The growth is retarded by the milk 
secretion during the first lactation, otherwise the full-grown stage wonld 
probably be reached at 4| to 5 years of age. The age at first calving has no 
effect on the ultimate size of the cow. This conclusion, however, is based 
only on heifers which have reached at least 27 mouths of age before calving. 
The butter-fat yield during the first lactation increases w’ith increasing age 
at first calving. After the cow has reached 36 months of age, the rise in 
yield with increasing age is very slight. This is probably due to the fact 
that more than one gestation is needeil for a full development of the udder 
of the cow. The fat production of the mature cow (7-9 years old) is not 
infiuenced by her age at first calving. The age at first calving has no effect 
on the fat content on the milk. The lifetime record of the cow shows a 
tendency to decrease, and the age at culling to increase with increasing age 
at first calving. The latter depends on a more intensive selection of young 
first ealvers. The total fat production until 8 years of age decreases greatly 
with increasing age at first calving. A first-calving intci’val of 13 to 15 
months and a second of not more than 13 months results in the greatest daily 
fat production during these two intervals. Cows calving the first time at 
a low age should not be bred again before 4-5 months after calving. The 
relation betwe^ the cow’s production of butter-fat and her feed consump¬ 
tion during her whole life, viz., the economy of the milk production, is 
greatly influenced by the age dt first calving. If the average age of the cows 
at first calving is reduced by 6 months, the fat production per 1000 feed 
units increases by 3.5 kg. butter-fat. It may be concluded that the most 
suitable age at first calving for cows of the Swedish Bed and White breed 
is about 25-28 jnontbs. R.E.Ii.B. 
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672. The Influence of Inbreeding on Birth Weight. Rate of Growth, and 

Tsrpe of Dairy Cattle. J. W. Babtubtt, R. P. Reese, and O. Ij. 

Lepard, N. J. Agr. Expt. Sta., New Brunswick, N. J. Jour. Anim. 

Sci.,J, No. 3:206-212. Aug., 1942. 

This is a progress report of a long-time project in which 45 Holstein- 
Friesian cows were selected as foundation animals on the basis of size, good 
type, and mature equivalent Class C fat production of 480 pounds with the 
milk testing at least 3.6% butterfat. Pour bulls were selected as founda¬ 
tion sires at the beginning of the experiment. The progeny of the founda¬ 
tion animals were mated as follows: (1) sire-daughter matings; (2) brother- 
sister matings; (3) matings with less than 50% of the same blood and (4) 
outbreeding. The last system of mating was used as a control. 

Birth weights and measurements on 76 inbred and 76 outbred heifers 
show that the inbred heifers were as large at birth and grew as rapidly as 
the outbred animals. There appeared to be no relation between the intensity 
of inbreeding and type. C.P.H. 

673. Effect of Diluters and Storage upon Fecundity of Bovine Semen. 

6. K. L. Underbjerg, H. P. Davis, and R. E. Spangler, Univ. 

Nebr., Lincoln. Jour. Anini. Sci., 1, No. 2: 149-154. May, 1942. 

Fresh semen samples which had the following treatments were used to 
inseminate a total of 931 cows: (1) no treatment; (2) diluted with fresh 
egg yolk buffer; (3) diluted with stored egg yolk buffer; (4) diluted with 
autoclaved milk. A corresponding set of samples with the same treatments 
were stored for varying lengths of time prior to insemination. 

The treatments accorded the fresh and stored semen in the various groups 
had no significant effect on the percentages of conception when compared 
with the controls. Although the semen samples which were stored had a 
high degree of motility of the spermatozoa, the conception percentages were 
significantly lower. The authors suggest that other unknown factors are in 
operation which cause loss of the fertilizing capacity of spermatozoa despite 
the retention of a high degree of motility. C.P.H. 

BUTTER 

674. Flavor Development in Salted Butter by Pure Cultures of Bacteria. 

W. H. Hoecker and B. W. Hammer, Iowa Agr. Expt. Sta., Ames, 

Iowa. Iowa Agr. Expt. Sta. Res. Bui. 290. Aug., 1941. 

Pure cultures of various streptococci produced relatively large amounts 
of diaeetyl and acetylmethylearbinol in milk containing added citric acid. 
These included 8. eitrovorus or 8. paracitrovorus, 8. diacetUactis, 8. citro- 
pkUm and an unidentified organism H28. 8. aromaiicus, which does not 
ferment citric acid, produced diaeetyl and small amounts of acetylmethyl- 
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carbinol in milk. With each of the species the ratios of diaoetyl to acetyl- 
luethylcarbinol varied in the different trials; frequently, the diaeetyl was 
much hi{?her in proportion to the acetylmethylcarbinol than with butter 
cultures. 

The diacetyl contents of eream-plus-culture immediately after mixing 
were both higher and lower than the theoretical amounts calculated from 
the diacetyl contents of the cream and culture; the carbinol contents were 
about the same as the theoretical values in most trials, but were higher in 
some instances. 

In cream-plus-culture held 16 hours at approximately 40® P., the diacetyl 
and acetylmethylcarbinol contents increased when butter culture, 8, dwceti- 
lactis or 8. ciirophilt4s was used; decreases often occurred with 8. citrovorus 
or 8. paracitrovoriu ; usually, little or no change occurred with organism 
H28 or 8. aromaiicus. 

Butter made without the use of culture or with 8, aromaticus (contained 
only small amounts of diacetyl and acetylmethylcarbinol, wdiereas butter 
made with the other cultures commonly contained appreciable amounts of 
these compounds. 

Only small percentages of the diacetyl and acetylmethylcarbinol present 
in cream-plus-culture were retained in the butter, the remainder being in 
the buttermilk; the percentage retention was essentially the same with the 
different cultures, although with each culture there was considerable varia¬ 
tion from one churning to another ^ 

Both increases and decreases in diacetyl occurred in butter held 1 day 
at 40® P. and then 2 and 4 weeks at 35® or 0® P., the larger changes usually 
occurring with butter held at 35® P. Occasionally, increases in diacetyl 
contents after 2 weeks were follow^ed by decreases after 4 weeks. Except in 
a few instances, the aeetylmethylcarbinol contents did not change appre¬ 
ciably. 

Butter made with butter culture, 8. citrovorus, 8. paracitrovorus or <8. 
citrophtlus usually contained relatively large amounts of diacetyl and 
acetylmethylcarbinol and commonly placed high in a series of chuniings. 
However, butter containing exceptionally large amounts of diacetyl and 
acetylmethylcarbinol sometimes placed low and was criticized as being coarse, 
sour, oily or containing some other objectionable flavor. Butter made with¬ 
out culture or with 8* aromaiicus contained only small amounts of diacetyl 
and acetylmethyloarbinol and usually placed low. Author ^s Abstract. 

CHEESE 

e 

675. Calcium Oxide and Sugar in Cheese Manufacture. J. C. Mar- 
quARDT, N. y. Agr. Expt. Sta., Geneva, Natl. Butter and Cheese 
iour., 33f No. 8; 40. August, 1942. 

After preliminary laboratoxy tests, ten batches of cheese were made in 
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a New York State cheese factory diirinir April, 1941, The ‘‘fodder 
delivered on 4 daj^s represented the regrular make; 2 oz. calcium oxide and 
12 oz. of sugar were added to each 1000 lbs. of milk on each of three days; 
on three days half of these amounts of oxide and sugar were added to the 
milk and half to the curd. After 6 months curing at 40® P. the cheese were 
scored. Two of the four controls were called “good’^ while two were criti¬ 
cized for fodder flavor. When the oxide and sugar were added to both milk 
and curd there was “slight checking in the cheese texture.” The three lots 
of cheese made with all the oxide and sugar in the milk were “good,” two 
were like grass cheese, the third had cheese flavor. Further holding for 30 
days at room temperature and 60 days cold storage confirmed the beneficial 
effects. The author states that the calcium oxide is transformed to calcium 
lactate which is less astringent than lactic acid, thus rendering less pro¬ 
nounced such undesirable flavors as fodder, unclean and others. The action 
of sugar is difficult to explain. W.V.P. 

676. Wisconsin Cheese. Waltlr V. Price and Catherine J. Personius, 

Depts. Dairy Inds. and Pood Technol. Bes., ITniv. Wis. Wis. Med. 

Jour., if, No. 2: 126-128, 170. 1942. 

li.E.L.B, 

OllEJ^IISTBY 

677. Some Aspects of the Rate of Reaction of Oleic Acid with Oxygen. 

J. L. Henderson and H, A. Youno, Univ. Calif., Davis. Jour. 

Phys, (^hcm., i6, No. 6: 670. 1942. 

Purified oleic acid, and preparations (three methods of purification 
cited) was introduced into reaction chambers, and under controlled condi¬ 
tions Hubje<ded to ox>"gen systems. The rate of oxygen absorption was 
determined by use of iodine and peroxide numbers tests. The rate of 0^ 
absorption was found to be a function of the concentration of oleic acid. 
Fivefold variation in oxj’^gen pressure did not affect the induction period; 
when 0.1 mole of oxygen was absorbed per mole of acid, the oxygen absorp¬ 
tion was then found a fumdion of oxygen pressure and for which a rate 
equation w’as derived. Substanliative evidence is presented based on the 
formation of peroxides and the destruction of double bonds that peroxide 
formation is the first reaction in the oxidation of oleic acid. K.G.W. 

CONCENTRATED AND DRY MILK: BY-PRODU(TS 

678. Keeping Quality of Powdered Whole Milk. H. A. Hollender and 

P. H, Tracy, Univ. Ill, Urbana. Natl. Butter and Cheese Jour., 
No. 8: 8. Aug., 1942. 

See Journal of Dairy Science, 26, No. 3: 249-274. Mar., 1942. 

W.V.P. 
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DISEASE 

679. Immunization Against Bovine Trypanosomiasis. H. E. Hornbt. 

Trans. Boy. Soc. Trop. Med. and Hyp., $5, No. 3; 165-176. 1941. 

The experiment indicated that there is as yet no practical method of 
immunizing cattle against trypanosomiasis. Through Trop. Diseases Bui., 
^9, No. 4 : 242-244. 19^. R.E.L.B. 

680. Undulant Fever. D. Q. Mahle, Plainview, Minn. Minn. Med., 25, 

No. 3:177-180. 1942. 

A brief history of the origin and distribution of undulant fever is given 
with particular emphasis on Minnesota. The symptoms and characteristics 
of the disease are briefly described. Form personally observed and treated 
cases are reported with cures and no recurrences to date. Bang’s testing 
of all cattle and pasteurization or boiling of all milk are mential in the 
control of this disease. R.E.L.B. 

681. New Developments in the Diagnosis and Treatment of Brucellosis 

(Undulant Fever). Walter M. Simpson, Kettering Inst. Med 

Res., Miami Valley Hospital, Dayton, Ohio. Minnesota Med., 24, 

No. 9: 725-738. 1941. 

An address. The most important consideration in the control of brucel¬ 
losis is adequate, controlled pasteurization of all milk and other dairy 
products. R.E.L.B. 

682. A Milk-Bome Outbreak of Gastroenteritis in Oklahoma City. 

Ibvino M. Terzicb, V. S. Pub. Health Service, County-City Health 

Dept., Lawton, Okla. South. Med. Jour., 35, No. 8; 773-780. 

1942. 

An outbreak of food poisoning affecting 71 individuals occurred in 
Oklahoma City and surrounding Oklahoma County communities on July 1-2, 
1941. The cause of the outbreak is believed to have been a highly con¬ 
taminated milk supply. The milk had not been properly pasteurized; 
hemolytic staphylococci and toxin-producing cocci were shown to be present 
as were organisms of the coli-aerogenes group. A large amount of neu¬ 
tralizer in the form of carbonates had been added. The victims of the 
food poisoning suffered from extremely acute gastroenteritis but no deaths 
were reported. The plant from which the suspected milk supply was ob¬ 
tained employed inadequate jgasteurization equipment for the processing 
of that portion of the milk smpped to Oklahoma City and vicinity. The 
subsequent contamination of the milk is believed to have been due to an 
employee afSicted with skin eruptions on his arms, hands, and face, who 
capped the gallon jug containers by hand. The attacks of gastroenteritis 
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were probably due to the injyestioii of toxin-produeiiijr cocci and hemolytic 
staphylococci. R.E.L.B. 

683. Undulant Fever. Frederic W. liATHROP, 909 Park Ave., Plainfield, 

N. J., Jour. Med. Soc. N. J., 37, No. 9: 466-469. 1940. 

The symptoms of Brucellosis in man are extremely variable, but par¬ 
ticularly they are continued or recurrinj? fever, fatigue, profuse sweats, loss 
in weight and neuritis. The treatment is best carried on by the use of 
sulfanilamide and brucellin therapy. The disease can be eradicated by 
pasteurization of all forms of milk and milk products, and eventually by the 
elimination of the infection in cattle and goats. R.E.L.B. 

684. Acute Gastroenteritis Due to the Elaboration of Enterotoxin by 

Staphylococcus aureus in Buttermilk. 0. L. Ciiason and 
(1. H. Waite, Mobile County Health Dept, and Bur. Lab. Ala. Stale 
Dept. Health, Mobile. Jour. Med. Assoc. State Ala., Jt, No. 11; 
390-391. 1942. 

Epidemiologic investigation of an outbreak of gastroenteritis indicated 
that it was attributable to the ingestion of homemade buttermilk. Eleven 
persons in 4 families became acutely ill after drinking the buttermilk. Six 
persons in 2 of the same familes, who drank no buttermilk but otherwise 
partook of the same foods, did not become ill. In a third family the butter¬ 
milk was used in the preparation of biscuits; one person complained of indi¬ 
gestion following the meal at which these bi.scuits were served. From the 
buttermilk a ])ure culture of SiaphylococcHs aureus was isolated, which, 
when growm under proper conditions, produced an enterotoxin demonstrable 
by the Dolman kitten test. ll.E.L.B. 

685. Undulant Fever. Kaonar T. Westmak, V. S. Public Ilealtii Service, 

Kansas City. Jour. Kans. Med. Soc., 43, No. 11: 468-71. 1941. 
Undulant fever, due to raw milk, is an important disease in Kansas. 
The problem of prevention is discussed. Testing cows gives only poor pro¬ 
tection, since the disease may appear in the herd and be transmitted through 
the raw milk between tests. No vaccination of cows offers any protection 
against undulant fever. Pasteurization affords the best safeguard against all 
milk-borne iliseases, including undulant fever. R.E.L.B. 

686. The Types of Tubercle Bacilli Isolated from Human Tuberculosis 

in Japan. Kaoeu Urabe, Inst. Bact. Sitzber freien iirzll. Vcr. 
med. Fakultiit kaiserl. Kyus.Aul-Univ. Hukuoka (276 Sitzung, 23 
Pebruar 1940); Hukuka Acta Med., 33, No. 7: 869 (in Ja])anese) 
(ill English, 62). 1940. 

Human tuberculosis of bovine origin is proportionately less common in 
Japan than in America and Europe, This may be due to the low i)er- 
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centage of tuberculous cattle in Japan and to the national custom of not 
drinking raw milk. B.E.L.B. 

687. Internal Parasites of Cattle. G. Dikmans. U. S. Dept. Agr. Giro. 

614. Jan., 1942. 

A comprehensive treatise on the subject indicated. Gives location, ap¬ 
pearance, life history, distribution, symptoms, lesions, prevention and treat¬ 
ment of the important internal parasites, including roundworms, hook¬ 
worms, lungworms, tapeworms, flukes, protozoans, and numerous others. 

J.O.A. 

688. Bloat in Cattle. H. H. Cole, S. W. Mead, and M. Kleiber. Calif. 

Agr. Bxpt. Sta. Bui. 662. Feb., 1942. 

Pressures within the rumen of a cow were studied by means of a specially 
devised plug for a ruminal fistula. Belching occurs when the pressure is 
raised in the rumen by means of an a(»tive contraction of the ruminal 
musculature. Increased pressure, in itself, does not force gas from the 
rumen through the esophagus, as is illustrated by the artificial introduc¬ 
tion of gas into the rumen. The amount of ruminal gas formed, both in a 
cow with a ruminal fistula and in a normal cow, was determined on rations 
of alfalfa hay alone, on green alfalfa alone, and on hay and grain. The 
amount of gas formed is more closely correlated with the time after eating 
than with the nature of the ration and is directly related to the amount of 
feed eaten. The composition of rumen gas was the same irrespective of the 
type of feeds in these experiments. 

The theory is prosed that the expulsion of gas from the rumen by belch¬ 
ing is a reflex mechanism dependent upon an adequate amount of fibrous 
material of a prickly nature. Succulent legumes and concentrates contain 
a minimum of fiber and are therefore particularly conducive to bloat. 
Preventive measures consist in the introduction of sufficient fiber in the 
ration of initiate belching. J.G.A. 

689. Studies with Sulfabenamide. I. Blood Levels and Elimination in 

the Urine of Uninfected Rabbits. Lorenz Hansen and William 

A. Kreidler, Jefferson Med. Col., Philadelphia. Jour. Infect. Dis., 

70, No. 3; 208-214, May-June, 1942. 

Methods are described for determining sulfabenamide in blood and 
urine. Tests following oral administration of the drug to uninfected rab¬ 
bits revealed slow and incomplete absorption from the stomach. Absorption 
was more rapid following ifttraperitoneal administration. The rate of 
absorption and, with oral administration, the completeness of absorption, 
varied widely between animals; but for an individual rabbit were fairly con¬ 
stant during extended or repeated periods of administration. No severe 
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toxicity was found with a daily intake of 0.5 g. per kg. of body weight over a 
period of 1 week or with an intake of 0.25 g. over a period of 2 weeks. 

J.F.C. 

690. Studies with Sulfabenamide. II. Therapeutic value, Blood Levels, 
and Elimination in the Urine of Rabbits Infected with Beta 
Hemolytic Streptococci. Lorenz Hansen and William A. 
Kreidler. Jefferson Med. Col., PhiJadelj^hia. Jour. Infect. Dis.. 
70, No. 3: 215-220. May-June, 1942. 

Sulfabenamide was administered orally to 69 rabbits infected with beta 
hemolytic streptococci. A group of 40 infected animals serv^ed as controls. 
Of the treated group 60.9% recovered, but only 26.5% of the control group 
recovered. Heavy initial dosage with a gradual decrease was more effective 
than regular administration of intermediate amounts. Comparison tests 
showed that sulfabenamide had about the same effectiveness against beta 
hemolytic streptococcal infections as did sulfanilamide. The concentration 
of sulfabenamide in the blood and the rate of its excretion in the urine 
appeared to have no relation to survival time in the treated animals. 

J.P.C. 


FEEDS AND FEEDING 

691. The Content of Metabolizable Energy in Feeds. (Fodrets inneh&ll 
av omsattbar energi.) Joel Axelsson. Kungl. Lantbruksaka- 
demiens Tidskrift, 80, No. 5: 353-364 (English summary, 363). 
1941. 

The metabolizable energy in kcal. per g. digestible organic matter and 
the adjusted factors for the calculation of the starch value are as follows: 
(a) protein: coarse fodder 4.30, 1.14; concentrates 4.50, 1.20; (b) ether ex¬ 
tracts : coarse fodder 7.80, 2.07; grains 8.30, 2.21; seeds of oil plants 8.80, 
2.34; animal fodder 9.30, 2.47; and (e) carbohydrates: polysaccharides 3.76, 
1.00; trisaccharides 3.62, 0.96; disaccharides 3.56, 0.95; monosaccharides 
3.38, 0.90; nitrogen-free extract (average) 3.70, 0.98; crude fiber 2.90, 0.77, 
respectively. These values can be used for a satisfactory calculation of the 
contents of metabolizable energy for ordinars’^ feeds, when the chemical com¬ 
position and digestibility are known. The amount of metabolizable energy 
must be determined by respiration experiments, however, for such artificial 
products as ‘‘Strohstoff,Diiinpfstroh,’’ cellulose and a few others. Since 
the amount of metabolizable energy is a straightline function of the contents 
of protein and crude fiber in the dry matter of the ration, the difference 
method gives reliable results, even for separate feeding stuffs added to the 
basal ration. The nutritive value of feeding stuffs for ruminants can, to 
advantage, be based on the contents of metabolizable energy. R.E.L.B. 
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692. Feeding Values of Silages and Hays. O. M. Cambubn, H. B. Eluim- 

BEROER, AMD C. H. JoNES. Vt. Agr. Ezpt. Stft. Bul. 482. March, 
1942. 

Results are set forth of sundry trials designed to indicate the compara¬ 
tive feeding values of com and grass silages and of artificially dried and 
sun cured hays. 

In 1935 pasture grass from a newly seeded pasture, cut in the early hay 
stage during a rainy spell and ensiled with three per cent molasses diluted 
with water was fed in comparison with corn silage to eight dairy cows. Its 
water content was high and its odor disagreeable. The average production 
of 4% milk equivalent per pound of total digestible nutrients when the grass 
and when the corn silages were fed were, respectively, 1.81 and 1.87 pounds, 
a non-significant difference. Live weight grains were much the same in each 
ease. 

In 1936-37 timothy grass in the full bloom stage, sun-cured; artificially 
dried; and ensiled with added molasses; were fed in comparison with com 
silage to four groups of unbred heifers in two 120-day trials during two 
years. The average results, respectively, were 7.4, 6.8, 7.2, 6.0 pounds of 
total digestible nutrients consumed per pound live weight gain. 

In 1939 timothy grass, grown during a rainy season, was stored as 
phosphoric-grass silage and as field-cured hay, the latter becoming somewhat 
musty. When fed to two groups of dairy heifers, the silage proved superior 
to the hay, the total digestible nutrient required per pound live weight gain 
being, respectively, 7.0 and 8.1 pounds. J.G.A. 

FOOD VALUE OP DAIEY PRODUCTS 

693. What Consumers Ought to be Told About Nutrition by Milk. 

Henry T. Scott, Wis. Alumni Res. Foundation, Madison. Dairy 
Worid, 21, No. 3; 14. Aug., 1942. 

A very timely discussion of the place of milk and dairy products in 
maintaining nutritional efficiency in the armed forces and civilian popula¬ 
tions. It is stated that milk protein is complete and of high nutritive value; 
milk sugar is possessed of nutritive qualities not found in other sugars; milk 
fats have been found superior in'growth-promoting factors to most other 
fats; milk minerals, particularly calcium and phosphorus, are abundant and 
calcium is a limiting factor in many average diets; the vitamins A, thiamin, 
riboflavin and nicotinic acid are present in good quantity and act to supple¬ 
ment the lacks in other foods; vi|amiu D vdien added to milk is more effec¬ 
tive than when mcorporated in other foods; mid the main item in a dky's 
diet should be milk since it fortifies and balances the diet at so many points. 

P.J.D. 
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694. Milk in National Health. An interview with Prof. B. B. Hart, 

Chairman of Section on Biochein., Univ. Wis. Wis. Med. Jour., JI, 

No. 5: 402-400, 432. 1942. Indus. Med. 11, No. 6: 290-292. 

1942. 

R.B.L.B. 

695. Intestinal Implantation with Lactobacillus acidophilus by the Use 

of Bacillus Acidophilous Milk. J. D. Willis, Med. Arts Bldfi:., 

Roanoke, Va. Va. Med. Monthly, 68, No. G: 336-338. 1941. 

A lecture. The addition of 4.5 jr. of a superconcentrate of Die ‘‘Bacillns 
acidophilous*^ (Farr Lab., Kalamazoo, Mich.) to 1 quart of whole milk, fol¬ 
lowed by iiKMibation at 100"^ P. for 5-6 hours, produced a palatable, thick 
and comparatively swe(*t acidopliilons milk with an a(*idophilous count of 
800 million to 1 billion bacilli per cc. Prom 10 to 14 days are required, 
when 1 quart of acidoj)hilous milk is consumed daily, to brinjr about a 50- 
60'f intestinal imjdantation and 4 to 6 weeks to effect a 90'r implantation. 
The implantation can be hastened by p:ivinj:r small doses of milk of majrncsia 
daily as a mild laxative, also by addinjr lactose or dextrose to the diet. If 
a continuous implantation is desired, the feedinpr must be continued regu¬ 
larly; if discontinued, the intestinal flora wdll frradnally revert to its former 
state. The use of acidophilous milk iu various conditions is discussed 
briefly. R.E.L.B. 

696. The Ascorbic Acid Content of Ewes’ Blood, Colostrum, and Milk, 

and the Effect of Ascorbic Acid Injections. Vx. H. Satterfield, 

B. A. Bailey, Jr., J. B. Fo.sti^r, and K. IJ. IIo.stktler, N. C. Ajrr. 

Expt. Sta., Raleij»h. Jour. Niitr., .2/, No. 2: 121- 219. Aug:., 1942. 

Twenty Hampsliire ew^es w’ere used to study the ascoi‘bic acid content of 
blood plasma, colostrum milk and normal milk, as well as the effect of intra¬ 
muscular injection of ascorbic acid upon the ascorbic acid in blood plasma 
and milk. The ascorbic acid content of ewes’ blood plasma was 0.43-0.83 
m^r. per 100 ml. The colostrum contained 2.01 to 9.94 mjr. while normal milk 
contained 0.80 nijr. ascorbic acid per 100 ml. 

Intramuscular injection of 2 to 5 gm. of ascorbic acid resulted in a rise 
iu the ascorbic aeid level in the blood and milk. There was a wi<le variation 
in the magnitude of the rise in milk ascorbic aeid iu different animals. 

C.P.H. 

697. Where is Deficiency in Milk Drinking? L. D. Weld, McCanu-Eriek- 

son, Inc. Milk Plant Monthly 31, No. 1: 35. Jan., 1942. 

A survey consisting of conversations with thousands of consumers, 
mostly housewives, showed a possibility of increasing milk consumption a 
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total of 108% and 73.5% through milk drinking. Defloienoy in milk drink¬ 
ing was manifest in the adult classes, 44.4% of the men and 49.4% of the 
women drinking no milk at all. Furthermore, the percentage of adult popu¬ 
lation is increasing yearly due to (1) decrease in birth rate, (2) longer life 
expectancy and (3) large immigrations in early decades. In 1900, 55.7% 
of the total population was adult; today 65.5% is adult. The reasons ad¬ 
vanced by the adults for not using milk were (1) they disliked milk and 
(2) they could not afford it. Suggestions for milk promotional policy were: 
(1) stress importance of adequate daily amounts of milk, (2) direct the cam¬ 
paign largely to adults, (3) direct the campaign to both men and women, 
(4) feature milk drinking by showing how its nutritional value is greater 
than that of other beverages, (5) play up use of milk between meals and at 
bed-time, (6) appeal to the taste factor, (7) play up economy of milk, (8) 
tie up general nutrition story with the government program, and (9) use 
strong emotional appeals to urge action. G.M.T. 

HEED MANAGEMENT 

698. The Family Milk Cow on Georgia Farms. F. W. Fitch. Qa. Agr. 

Ext. Serv. Bull. 471. May, 1942. 

A popular bulletin on the feeding and care of the family cow. Special 
features are schedules showing the feed needed by one cow for a year and 
the crops that may be sown under Georgia conditions to provide sufScient 
roughage and grazing for her. J.G.A. 

699. The Cleaning and Bactericidal Treatment of Milking Machines. U. 

D. Franklin, State Dept. Pub. Health. Jour. Med. Assoc. State 

Alabama, 11, No. 256-258. 1942. 

A practical and effective method for the cleaning and bactericidal treat¬ 
ment of milking machines is described. E.E.L.B. 

ICE CEEAM 

700. Sweetening Agents in the Manufacture of Ice Cream. Kenneth M. 

Benner, Texas Technol. Col., Lubbock, Texas. South. Dairy 

Prod. Jour., 32, No. 1:32. July, 1942. 

The results of studies on several sweetening agents for ice cream are 
briefly reviewed. The following conclusions are drawn by the author: 

“From 25 to 30% of the sucrose (cane or beet sugar) can be replaced 
by com sweetening agents withotft encoimtering any material difficulties 
in the rate of freezing, rate of whipping, or the rate of melting in the 
flnu^ed iee cream. 

“When difficulties are encountered with 25 to 30% replacement with 
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respect to rate of freezing, rate of whipping, and rate of melting, they can 
usually be overcome by using a colder freezing temperature, whipping the 
ice cream at a softer consistency than usual, and by maintaining a colder 
temperature in the ice cream hardening and dispensing cabinets. 

‘‘In high fat mixes dextrose used in place of a part of the cane or beet 
sugar will usually give a better flavor to the ice cream than is secured by 
cane sugar alone. In low fat mixes the flavor of the corn sweeteners is 
more readily detected. 

“Dipping losses when corn sweeteners are used may be minimized by 
using a lower temperature in the ice cream cabinet. When the dipping 
temperature is lowered approximately one degree Fahrenheit for each one 
per cent dextrose added, no diflSlculty will be encountered. 

“Other sweetening agents that may be used to replace a portion of the 
cane sugar in the ice cream mix are Invert Sugar, Honey, Ribbon Cane 
Syrup, and Sorghum Syrup. 

“The following table represents data on sweetening agents used as com¬ 
pared to cane or beet sugar, the amounts to use and the percentage replace¬ 
ment the amounts to use and the percentage suggested.’^ 


Sweetener 

Uelative 

sweetness 

For cent 
moisture 

Pounds required 
to secure same 
sweetening as 1 
lb. of cane or 
beet sugar 

Percentage 

replacement 

suggested 

Cane or beet sugar 

100 

0.2 

1.0 

100 

Corn sugar (dextrose) 

83 

7.2 

1.1 

2&-30 

Invert com syrup (sweetose) 

67 

17.0 

1.5 

25-30 

Cora syrup solids (FroDex) 

i 49 

3.5 

2.0 

25-30 

Invert sugar sol. 

140 


1.0 

25 

Honey 

! 70-75 

37.5 

1.28 

25-50 

Uibbon cano syrup 

50 


2.0 

25 

Borgbum syrup 

50 


2.0 

25 

Glucose 

80 


1.25 

25 


P.W.B. 

701. Cleaning Compounds for the Ice-Cream Industry. D. V. Josepiison, 
Pa. State Col., State Col., Pa. Ice Cream Field, 10, No. 2: 8. 
1942. 

It is claimed that a good cleaning compound should have the ability to 
(1) soften water, (2) wet surfaces to be cleaned, (3) suspend dirt and other 
material in the washing solution, (4) emulsify fats, (5) rinse surfaces clean, 
and for certain purposes destroy bacteria. 

Under the heading of basic alkalies the author describes sodium bicar¬ 
bonate, sodium carbonate, trisodium phosphate, sodium hydroxide, and 
sodium metasilicate. It is stated that most commercially used water soften¬ 
ers are complex phosphates and tetrasodium pyrophosphate. Wetting 
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agents are surface active materials which often exhibit great emulsifying 
powers. SuJphonated alcohols, ethers, hydrocarbons, and pine oil are class!* 
fled in this group, and it is stated that their incorporation to the extent of 
2-6% of the cleaning compound markedly improves the desirability of such 
preparations. 

Various miscellaneous materials are added in the compounding of wash¬ 
ing preparations. Thus indicators are added to give color; certain am¬ 
monium salts are frequently incorporated into mixtures intended for glass 
or di s h washing; rosin, borax, and soaps are used in compounds for cleaning 
greasy floors; abrasive material is included for certain types of cleaning; 
acetic, tartaric and citric acids are widely used iu removing milk stone com¬ 
pounds. Mention is also made of the use of acid detergents for can wash¬ 
ing. The careful selection of washing preparations depending upon the 
nature of the cleaning problem and their efScient use is emphasized. 

W.C.O. 


MILK 


702. A Study of Sonized Soft Curd Milk Prepared from Certified Milk. 
Harrt S. Bikofp, Samuel S. Brown, Edward W. Zukauokak and 
Joseph C. Regan, Chairman. N. Y. State Med. Jour, 41 , No. 20: 
2052-2057. 1941. 

This report, made for the Milk Commission of the Medical Society of the 
Couutj' of Kings by a special committee (see above), is almost the same as 
that submitted to the Department of Health, New York City, on Feb. 1, 
1940, except for a few minor changes. Sonic certifled milk is an easily 
digested milk. The condition of comfort of the babies studied and the 
symptoms of crj’ing, regurgitation, vomiting, abdominal distention, colic and 
hiccups so often associated with cow’s milk, especially during the first few 
months of life, generally showed a rapid and marked improvement after 
souized certified milk was started. R.E.L.B. 


703. Homogenized Milk. A New Development in the Adaptation of 
Cow’s Milk for Infant Feeding. Irvjno J. Wolman, Children’s 
Hospital of Philadelphia, Philadelphia, Pa. Pa. Med. Jour., 44 , 
No. 6 : 735-738. 1941. 

An address. R.E.L.B. 


704. Newer Developments in puality Milk Production. John G. Haro- 
ENBBRGH, Walker-Gordon Lab. Co., Inc., Plainsboro, N. J. Jour. 
Med. Soe.N.J., 58, No. 1:20-23. 1941 

An address. R.E.L.B. 
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705« Bacteriological Aspects of Farm Milk Cooling. T. G. Anderson^ Pa. 

State Col. Milk Plant Monthly, 31, No. 8: 26. Ang., 1942. 

In addition to a brief review of some of the more recent studies on farm 
cooling of milk the author reports results of bacteriological studies on the 
various levels of milk in 10-gallon cans under ordinary tank cooling and 
under adequate electrical cooling. Bacteriologically high-quality jnilk was 
often reduced to inferior quality in 12 hours by inadequate cooling. 909? of 
the organisms in a can of cooled milk were found to be in the top or cream 
layer probably as a result of (1) the straining out of the contained bacteria 
by the rising fat globules, (2) favorable oxygen relationsliips for bacterial 
growth, (8) a sufficient food supply for bacterial growth, and (4') a slow 
rate of cooling at tlie surface permitting sufficiently high growth tempera¬ 
ture. Farm milk cooling by the tank method with water above 50° F. and 
without agitation did not afford adequate protection against bacterial growth 
whereas electrical farm milk cooling of evening’s milk was adequate from 
the bacteriological standpoint. Cooling milk entirely and (piiekly to a tem¬ 
perature below 50° F., preferably 40° F. is advised. Temperature increase 
during two-hour transportation on an open tnick ranged from 12 to 21° F. 
depending upon the air temperature and the proximity of eold cans to warm 
cans of morning milk. G.M.T. 

706. The Behaviour of Resazurin in Milk. C. K. Johns, Dom. Dept Agr., 

Ottawa, Canada. Cada. Jour. Res., 30^ No. 6: 336. June, 1942. 

The view has been expressed (see Journal of l)Amy Science, Abs. No. 
936, p. A374, 1941) that resazurin is not a satisfactory substitute for 
methylene blue in assessing the hygienic quality of milk. 

Additional evidence is presented that resazurin is equally as sensitive 
as methylene blue to the metabolic activities of bacteria in milk. It is decid¬ 
edly more sensitive to the presence of non-baeterial factors in abnormal 
milks (mastitis, late lactation, etc.) and therefore furnishes a more compre¬ 
hensive index of the true quality of the milk. 

No support was found for the view that resazurin exerts such a strong 
poising action in milk as to interfere with the interpretation of results, nor 
were milks found to vary significantly in their poising properties. Time- 
potential curves for milks containing methylene blue, resazurin and various 
reducing substances are presented as well as those of milks from abnormal 
udders. 0.11.1. 

707. Paying Producers for Fat and Solids-not-Fat in Milk. Rudolph K. 

Fbokee and Clifford M. Hardin. Wis. Agr. Bxpt. Sta. Res. Bui. 

148. Feb., 1942. 

The purchase of milk with consideration to weight and fat content alone 
is not satisfactory, especially under present conditions of wide fluctuations 
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in goTernmeut purchases. This bulletin is concerned witii an equitable 
method of paying for both the fat and solids-not-fat in milk used for any 
purpose. 

Consideration was given to the fact (1) that for each 0.1% variation in 
fat there is a corresponding change of 0.04% in the solids-not-fat, (2) the 
market value of each product into which the milk is made must be taken 
into account, and (8) certain costs of handling and manufacture must be' 
deducted. In final form the milk is paid for on the basis of a definite fiat 
rate per hundredweight of milk with a proper fat differential, these prices 
depending upon the market value of the products for which the milk is used. 

Illustrations are given for milk prices for creameries, cheese factories, 
condenseries, and fluid milk markets. The primary value of the methods 
lies in the consideration given to the composition of the milk, the economic 
value of the products manufactured, and the interlocking of these values 
into one price per hundredweight with a fat differential. 

The original bulletin must be studied for details of the calculations. 

A.C.D. 

708. Efficiency of Milk Marketing in Connecticut. (2) Transportation 

of Milk. D. 0. Hamherksbo and W. G. SuiaiIVAn. Storrs Agr. 

Ezpt. Sta. Bui. 238 . 1942. 

This study led to three major conclusions; (1) Milk transportation is 
inefficiently organized. (2) The charges made for hauling milk are not in 
proportion to the costs of performing the service. (3) A monopolistic situa¬ 
tion frequently exists as far as the sale of milk is concerned which often leads 
to charging excessive hauling charges. 

The author recommends consideration of public regulation of the hauling 
of milk so as to eliminate excessive charges and to bring about greater effi¬ 
ciencies by consolidating routes and eliminating the inefficient ones. The 
concentration of the assembly function in the hands of a private company 
was suggested as the most desirable form of control. In order to achieve 
the most efficient organization it is recognized that there must be full partici¬ 
pation from all producers concerned. P.H.T. 

709. New Method of Cleaning Milk Cans. Y. Schwabzhopf, Lathrop- 

Paulson Co. Milk Plant Monthly, 31 , No. 1; 50. Jan., 1942. 

A good cleaning agent should be (1) effective in removing milk fat, milk 
solids and other foreign material quickly, (2) be ^ective in emulsifying the 
loosened particles for quick rethoval, (3) prevent the formation of sludge, 
(4) rinse freely and completely, (5) prevent scale deposit cm can and 
machine, (6) not have any injuriotm ^ect upon the tinned surface Of the 
can or the metal in the machine, (7) be of low cost so wash and rinse water 
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can be continually changed to prevent accumulation of milk fat and solids 
in wash and rinse water, (8) be easily prepared and utilized, (9) deliver 
finished can either with neutral or slightly acid surfaces, (10) be non-toxic, 
and (11) accomplish all the above at temperatures at or above the boiling 
point as such temperatures are desirable for effective sterilization. 

The new method of washing milk cans, called the conservation method 
because it conserves steam, water and detergents, embodies the use of an 
acid detergent. Sufiicient acid detergent is added to bring the wash water 
slightly under pH 7, which is maintained throughout the washing process. 
Results obtained indicate that (1) cleaner and more nearly sterile cans are 
obtained, (2) the numbers of thermoduric, thermophilic, lipolytic and pro¬ 
teolytic bacteria are greatly reduced, (3) the reduction in cost of washing, 
sterilizing and drying cans is enormous, (4) the receiving room is quieter 
and more comfortable because of reduction in amount of steam used and 
elimination of the steam jet for sterilization, (5) and that exhaust fans are 
not needed in the vent pipe of the can washer. Assumptions are made that 
sterile cans may soon replace relatively sterile cans, that costs will be further 
reduced and that can life will be prolonged. G.M.T. 

710. Relation of Chocolate Milk to Total Fluid Consumption. M. A. 

SciiAARS, Dept. Agr. Boon., and G. Hadary, IJniv. Wise., Madison. 

Milk Plant Monthly, 31, No. 3: 28. March, 1942. 

A survey was made to determine what differences exist in total milk con¬ 
sumption among families buying chocolate milk and those who do not. The 
study was made with a test city of 60,000 population. The results showed 
that on a fluid milk basis the per capita milk consumption among chocolate 
milk buyers w^as 21% greater than that of non-pnrehasers of chocolate milk. 
A study of per capita consumption of chocolate milk among the different 
income groups was made and findings slunved that there wTre 29%, 33% 
and 14% increases among the high, medium, and Ioav income groups, respec¬ 
tively. 

There was a tendency for those using chocolate milk to be more uniform 
in their milk drinking habits than the non-users of chocolate milk. These 
findings have been substantiated by work in other cities. G.M.T. 

711. Ways of Conserving Tires and Reducing Other Expenses in the Dis¬ 

tribution of Milk. R. Anderson and L. Spencer, Dept. Agr. 

Econ. and Farm Mangt,, N. Y. State Agr. Col., Cornell Univ., 

Ithaca, N. Y. Milk Plant Monthly, 31, No. 3: 24. March, 1942. 

The adoption of alternate-day delivery offers the most promising change 
in milk delivery systems from the viewpoint of tire conservation and 
cost saving. Introduction of a schedule of discounts for volume de¬ 
livery to consumers makes it possible for any distributor to adopt the system 



A294 ABSTBACTS OV LITE&ATURB OK HltiB AND MILB: FBOOOOTS 


whether coini>etitors follow ont the plan or not. The volume discount system 
or use of larger-than-quart-size containers results in considerable saving 
of delivery time though not in truck mileage. 

“Smaller but considerable savings can be made in other ways: (1) By 
discounting or exchanging customers that are expensive to serve, such as 
customers at a distance from main route, single or scattere<l stops in apart¬ 
ment houses, and split stops as stores, restaurants, etc.; (2) By drastically 
curtailing caU-backs and special deliveries; and (3) By changing from eariy- 
moming to daylight delivery. “ Q.M.T. 

712. Production and Prices of Milk in the Springfield-Holyoke-Chicopee 

MOkshed in 1935. A. A. Brown and M. Boom. Mass. Agr. 

Bxpt. Sta. Bui. 389. Feb., 1942. 

This is the third in a series of statistical studies pertaining to the milk 
supply of the area indicated (see Mass. Bui. 363 and 364). The most im¬ 
portant conclusion reached has to do with price-fixing policies. The studies 
indicate that for such secondary markets the policy of pricuig milk F.O.B. 
the farm has much in its favor, as contrasted with the present practice of 
fixing prices F.O.B. the market. It is claimed that price fixing F.O.B. the 
farm would result in lower transportation costs and greater market stability', 
in addition to lifting from the producer the burden of ofttimes excessive 
costs resulting from the present system. 

It is also pointed out that relatively low per capita milk eousumption is 
due largely to economic causes and that under our present distribution sys¬ 
tem remunerative prices to producers and simultaneously attractive prices 
to consumers are incompatible. If the consumption of milk is ever to reach 
even the minimum suggested by nutritionists as essential in the daily diet, 
the costs of servicing must be reduced either by public subsidy or by 
eliminating some of the services now performed and performance of others 
by the consumer. “It seems unlikely that anything but outright public 
support of distribution will encourage the increase in consumption that 
nutritionists say is desirable.” J.Q.A. 

713. Efficiency of Milk Marketing in Connecticut. D. (). Haumbrberg, 

L. W. Parkbr, and R. G. Bressuer, Jr., Univ. Conn. TTniv. Conn. 

Bui. 237. 1942. 

Since most dealers buy milk on the use claasification basis, there are a 
great many different prices in each metropolitan district. This condition 
is reflected in the irrational and inefficient location of producers and of milk 
sheds. * 

The results of the study show that it is possible to allocate producing 
areas to milk markets in a manner that will minimise the costs of moving 
milk from farms to markets. 
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Further economies would result from the addition of country separating 
plants in several sections of the state. 

With optimum organization of trucking, the revision of areas would 
decrease the total distance traveled nearly 16% or approximately 550,000 
miles per year. P.H.T. 

714. Reducing Truck Mileage in Retail Milk Delivery. J. A. HiTcric ocK, 

Vt. Agr, Expt. Sta. Vt. Agr. Expt. Sta. Bui. 491. 1942. 

It is t*stimated that 80% of the present truck mileage in house door 
delivery is unnecessary. An elimination of all duplication could be accom¬ 
plished only by placing the delivery in the hands of one agency. 

Nearly all stores selling milk in the area studied (Burlington and 
Winooski) have sufficient refrigerator space to store two days’ supply of 
milk and cream. Practically 96% of the homes in Burlington and Winooski 
have either electrical or ice refrigeration. 

These studies were made for the i)urpose of t‘onsidering the feasibility of 
every other day delivery of milk. P.H.T. 

715. Bottled Milk Deliveries. H. B. Ellenberger, Univ. Vt. l"niv. 

Vt. Bui. 486. 1942. 

A study of the delivery systems used by milk dealers of Burlington, Ver¬ 
mont, has shown that 41 routes covered tlie same territory in many cases. 
The delivery e(iuipment of 21 to 37 competing companies was found to 
operate on some of the same streets. Data regarding the amount of milk 
and cream delivered, the distance traveled, number of stops, and time re¬ 
quired was secured on the different routes studied, P.H.T. 

PHYSIOLOGY 

716. Lactational Performance and Body Weight. Samuel Brody^ Dept. 

Dairy Husb., Univ, Mo. Science, 95, No. 2471: 485-486. 1942. 

The relation of milk-energy production to body weight in mature cattle, 
dairy goats and w’hite rats is shown grai)hically. The data are generalized 
by the equation, Y =? aW**, wdiere Y represents milk-energy ])roduction and 
W body weight. The precise numerical value of the slope b varies wdth the 
relative *‘dairy merit” of the animals. The significant fact is that milk- 
energy production tends to vary with W** and the value of b is of the order 
of 0.7 ±: 0.1. Within a given gross energetic-efficiency class of milk produc¬ 
tion (ratio of milk-energy produced to digestible feed-energy consumed), 
the larger the animal the less the labor cost per unit milk-energy produced 
and, if other conditions are equal, the greater the profit ])er unit milk pro¬ 
duced, and still greater per animal and per herd. However, it is not known 
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how total maintenance cost varies with increasing body weight. The gross 
energetic efficiencies of milk production in the small animals were higher 
than in the large: cows 31%, goats 35% and rats 44%. These differences 
may be fortnitous, but they may also indicate that total maintenanoe>energy 
cost rises more steeply with increasing body weight than milk-energy produc¬ 
tion, due either to selection factors or to physicochemical interrelations 
having a similar effect. II.S.L.B. 

717. The Effect of Nicotine on Lactation in White Mice. J. Bobebt 

Willson, Dept. Obstet. and Qynec., Univ. Mich. Med. School. 

Amer. Jour. Obstet. Gynec., 43, No. S; 839-844. 1942. 

The effect of the daily oral administration of 0.5,1.0, or 2 0 mg. nicotine 
on lactation, as shown by the weight gains in the offspring, was studied in 
white mice through 3 consecutive litters. The litter size showed a slight 
but consistent reduction with increasing doses of the drug. However, the 
controls and the treated animals exhibited no remarkable differences in 
mortality rate, birth weight or weight gain during the period of lactation 
All these factors varied markedly within each individual group It is con¬ 
cluded that lactation in white mice is not impaired by the ingestion of 
nicotine. Bi.E.L.B. 

718. The Inhibition of Lactation During the Puerperium by Methyl 

Testosterone. Paul M Lass, Dept. Obst. and Gynec, Columbia 

Univ. and the Vanderbilt Clinic. Amer. Jour. Obstet. Gynec., 4J, 

No. 1:86-93. 1942. 

Methyl testosterone, in adequate dosage and given at the proper time, is 
of definite value in the postpartum inhibition of lactation. The optimal 
oral dosage is about 250-3D0 mg. in divided doses over a period of 36 hours, 
starting about 36 hours after delivery. It may also be administered after 
the actual onset of secretion with beneficial results. There were no asso¬ 
ciated symptoms of intolerance. R.E L.B. 

719. Ovulation and Its Relation to Estrus in Cows. A. Nalbandov and 

L. B. Casida, Univ. Wis, Madison. Jour. Anim. Sci., 1, No. 3. 

189-198. Aug., 1942. 

A total of 72 estrual periods on 22 grade dairy cows were studied. There 
was a marked tendency for ovulation to occur after the end of estrus, usually 
approximatdy 14 hours. The mean time of day for estrus to end was be¬ 
tween 8 and 9 p.k., while the me^ time of ovulation was approximately 11 
A.1C. The later the hour that heat ended the shorter the interval from the 
end of heat to ovulation. The later the hour of ovulation the longer the 
interval from the end of heat to ovulation. The later the hour that heat 
ended the later was the hour of ovulation. C.F.H. 



M1SCELLANE0T7S 


A297 


720. Correction of Heat Production for Changes in Live Weight of Cattle 

in Balance Experiments. R. W. Swift, Pa. Agr. Expt. Sta., State 

College. Jour. Anim. Sei., J, No. 2: 145-148. May, 1942. 

A method of correction of heat production of cattle on account of changes 
in live weight in the course of energy metabolism experiments is presented. 
This correction is based on the balances of carbon and nitrogen coincident 
with the changes in live weight. It is based upon the results of the balances 
of nitrogen and carbon rather than live weight changes as indicated by 
scales. 

Data are presented which illustrate that animals may be losing weight 
according to the scales but actuallj’^ gaining in weight of body tissue as 
shown by carbon and nitrogen balances. The variation in the fill of cattle 
results in an error when body weights are measured by scales. C.F.H. 

721. Milk Yields and Milking Rates of the Individual Quarters of the 

Dairy Cow Udder. C. A. Mathews, W. W. Swett, and R. R. 

Graves. U. S. Dept. Agr. Tech. Bui. 827. Oct., 1941. 

Ninety-four cows milked twice a day with a combine milker were used 
in this study. Average yields from each quarter in terms of total yield 
were: left rear, 29.2%; right rear, 29.0%; right front, 21.6%; left front, 
20.2%. Milk yields of opposite quarters were frequently not alike. The 
yield data indicate that the differences in relative milk yields from front 
and rear quarters may be more pronounced between families than between 
breeds. 

Changes in milking rates brought about by different conditions show that 
the front and rear quarters were affected in very much the same manner. 
Certain characteristics of the milking process are common to all quarters 
of the udder in machine-milked cows. Not only do milking rates vary dur¬ 
ing the course of a single milking, but they also vary from one milking to 
another if there are differences in the total milk yields. Higher milk 
yields result in higher rates in pounds per minute, and whether from sepa¬ 
rate quarters or for the entire udder also require a little longer milking 
time, but the percentage increase in time required is much less than the 
percentage increase in milk yield. J.G.A. 

MISCELLANEOUS 

722. Introducing “Foamglas”—New Insulating Material. Anony¬ 

mous. Ice and Refrig., 103, No. 1: 9. July, 1942. 

Foamglas is a product introduced by the Building Materials Division 
of the Armstrong Cork Company. It is a non-priority product, consisting 
of glass in block form which weighs only 1/15 as much as ordinary glass. 
It is said to be a perfect vapor barrier. It is fire and waterproof. It will 
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uot rot, mold or decay. It is vennin proof and odorless. It is manufac¬ 
tured by firing ordinary glass mixed with pure carbon. As the carbon is 
converted into a gas a cellulated product is obtained. I 1 .C.T. 

723. Frozen Fmit and Vegetable Research Indicates Diesirable New 

Products for Lockers. H. H. Plagoe and Bedl/e Lowe, Iowa Agr. 

Bxpt. Sta., Ames, Iowa. lee and Refrig., No. 6: 357. June, 

1942. 

To the dair^unan this is an informative article if, in connection with his 
dairy business, he also operates a food locker plant. It discusses the various 
varieties of vegetables and fruit, their growing, packing and storage charac¬ 
teristics, together with a description of the final product that may be ex¬ 
pected after locker storage. Convenient tables giving these various charac¬ 
teristics are included. L.C.T. 

724. Insulation of Cold Pipes. Anonymoxtb. Ice and Befrig., 103, No. 2: 

105. Aug., 1942. 

The article in question deals with the use of Mineral Wool Pelt and has 
been prepared by the Industrial Mineral Wool Institute. The subject mat¬ 
ter of the article is broken down into eight headings: (1) Recommended 
thickness, (2) preparatioix of surface, (3) application of mineral wool felt, 
(4) fittings, (5) finish on straight piping, (6) finish on valves and fittings, 
(7) finish on valves and fittings (alternate), (8) plumbing. 

Since the article is in outline form, it is inadvisable to discuss each of 
the above in this abstract. Item number 1, however, may be quite vq^uable 
for general reference and is therefore reproduced. 

OjH.>rating T<>inpcratnTe Total Built up Isulation Tliicknew) 

45» r. to 15® F. 2 inehM 

15® F. to - 5® F. 3 inches 

- 5® F. to -20® F. 4 “ 

-20® F. to -40® F. 5 “ 

-40® F. to -60° F. 6 “ 

L.C.T. 

725. Conserving Equipment. E. C. Dameow, Damrow Bros. Co., Fond du 

Lae, Wis. Dairy World, 21, No. 3: 20. Aug., 1942. 

The author discusses the conservation of cheese plant equipment in the 
light of the extreme shortages of steel, copper, tin and other metals. The 
necessity for replacing 800 cheese Ats every year could be cut down fully 
one-third and other equipment in proportion if conscientious efforts were 
made. It is suggested that vats be tf^en apart uid cleaned at least once 
a year and the metal shell repaired and painted on the jadcet side. Cheese 



MISCELLANEOUS 


A299 


hoops should be cleaned and oiled before putting away for the season. Sepa¬ 
rators should run smoothly. Bearings should be frequently checked. Discs 
should be tight in the bowl and not allowed to rust. Can washers last only 
as long a§ they are kept in good mechanical operating condition and unless 
they deliver a dry can, the can will rust. It is suggested tliat the slack 
season be utilized in servicing, repairing and conditioning cheese plants and 
equipment to eliminate any possibility of breakdown or failure next spring 
when quick repairs and replacement may be iin])ossible. P.J.D. 

726. New Material for Milk Plant Floors. L. D. Dunn, Ci eainery Pack¬ 
age Mfg. (/<). Milk Plant Monthly, .V/, No. 1: 41. Jan., 1942. 

A satisfactory flooring for creameries and milk plants should be (1) 
economical, (2) hard, long wearing, (3) non-porous and, (4) n()n-slii)pery. 
Tyjies of floors that are in common existence now are those made of eoiUTete 
and tile. A relatively new floor which possesses the proi>erties of a satis¬ 
factory floor is an Emery Aggregate concrete topping. This floor .surface 
resists lactic acid attacks, is non-porous, tough, and extremely hard. Other 
properties of this floor is its great tensile strength and its ability to absorb 
but little moisture. 

This covering may be satisfactorily used on old bas(* slabs as well as new 
ones, and for patching. A covering of ? iindi is satisfactory foi* most pur¬ 
poses, while a thickness of 1 inch is used on extra heavy duty floors such 
as loading platforms and receiving rooms. Various color combinations may 
bo used for floors in lobbies, recejdion rooms and offices. G.M.T. 
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ABSTRACTS OF LITERATURE 

BOOK REVIEWS 

727. Pumps, Types, Selection, Installation, Operation, and Maintenance. 

Peank a. Kristal, Mech. Eng., Weinman Pump Mfr. Co., and 
P. A. Annett, Assoc. Ed., ‘‘Power.’’ McGraw-Hill Book Co., Inc., 
New York. 1940. 

These authors have attempted to cover the subject of pumps from the 
standpoint of practicality, that is, operational application, rather than the 
most common treatment encountered, that of design problems. Therefore, 
after a description of the many industrial types of pumps, including operat¬ 
ing principles and construction materials, comprising the first ten chapters, 
the authors take up in the succeeding eight chapters the subjects: Methods 
of Priming Pumps; Pump Operations; Drives for Pumps; Pump Selection, 
Installation, and Operation; Centrifugal-pump Troubles and Remedies; 
New Pumps for Old. This book contains much information which should 
prove valuable to the dairy plant operator and to the dairy equipment sales 
engineer. Very well illustrated. L.M.D. 

728. Industrial Chemistry of Colloidal and Amorphous Materials. 

Warren K. Lewis, Mass. Inst. Technol., Lombard Squires, DuPont 
de Nemours Co., and Geoffrey Broughton, Eastman Kodak Co. 
The Macmillan Co., N. Y. 1942. 

This book prepared as a text on the industrial chemistry of colloidal 
and amorphous materials is of particular interest to those in the dairy indus¬ 
try engaged either in research along such lines or in the technical applica¬ 
tions of research findings because of its clear-cut treatment of the basic 
physical chemistry phenomena involved and understanding of which is 
necessary in the interpretation of industrial problems arising in technical 
applications. Thus the first half of the text is devoted to such subjects as: 
structure of liquids, viscosity, surface tension, surface tension and orienta¬ 
tion, adsorption, suspensoids, amorphous solids, emulsoids, the electrochemi¬ 
cal behavior of colloids, gelation, emulsions and foams, and crystalline and 
amorphous states. The balance of the subject matter is devoted to indus¬ 
trial aspects largely outside of the dairy field. L.M.D. 

BACTERIOLOGY 

729. An Emergency Method for Estimating Bacterial Populations (A 

Preliminary Report). Bay Hasson, Griffin-Hasson Lab., Los 
Angeles, Calif. Jour. Milk Technol., 5, No. 4 : 243. July-Aug., 
1942. 

Ten milliliters of standard agar media (2% agar) is sterilized in two- 

A301 
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oimee square-bottomed flint glass bottles fltted with molded bahelite caps. 
While agar is still melted, the bottles are laid on their sides until media has 
solidified. The agar is then flooded with the samples of milk to be examined, 
drained and th«i incubated. Sterile skimmilk is recommended for making 
dilutions when necessaiy. 

The quantitative results obtained may be correlated with an actual plate 
count and a factor obtained which may be used for future determinations 
under like conditions. 

No mention is made of the amoiint of milk used for flooding the agar 
slab nor the length of time it should be drained. L.H.B. 

730. Detection of Thermoduric and Thermophilic Bacteria. 4- 

Mou>avan, Guaranteed Pure Milk Co., Ltd., Montreal, Canada. 

Canad. Dairy and Ice Cream Jour., 21, No. 4 : 36. 1942. 

In the simplified technique described in this paper the three usual opera¬ 
tions, test-tube pasteurization, diluting or looping, and agar-tubing may be 
carried on simultaneously. When more specific information is desired, four 
sets of separate tests may be carried on simultaneously to differentiate true 
thermodurics from milk-protected thermoduric and thermophilic bacteria 
and at the same time establish the rate of survival of such types under 
laboratory conditions. These tests are raAv milk count, laboratory-pasteur¬ 
ized milk count, laboratory-pasteurized 0.001% dilute milk count, and labo¬ 
ratory-pasteurized milk count incubation at 60° C. The calibration and use 
of a special platinum loop is described. Bacteria surviving pasteurization 
temperatures in a 0.001 ml. milk dilution in distilled water may be termed 
true thermoduric and often are similar in types to those found in poorly 
sterilized cans. O.F.G. 

731. Biennial RevieSvs of the Progress of Dairy Science. Section B: 

Bacteriology and Mycology Applied to Butter. Anontmoub. 

Jour. Dairy Res., 12, 360-390. 1941. 

Recent pertinent literature is reviewed under the headings: (1) Milk 
control, technique (90 references); (2) Lactic acid and allied fermentations, 
(a) bacterial metabolism, (b) lactic acid bacteria, (c) starters, (d) cheese, 
(e) butter (228 references); (3) Pasteurization and other processes, (a) 
pasteurization, (b) other processes, (c) canned and dried milk (65 refer¬ 
ences); (4) Detergents and disinfectants (24 references). S.T.C. 

BUTTEE 

732. Reducing the Loss of Alt During Churning. G. H. Wilbtxb, B. P. 

Robichaux, R. £. Stout, and B. W. Stbin. Oregon State College 

Station BuL 397. July, 1941. 

This study was based upon observed butterfat losses in buttermilk in 
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Oregon creameries and the influences of specified recommended practices 
upon these losses. The percentage of fat in the buttermilk was determined 
by the Babcock-butyl-alcohol-sulphuric-acid method of McKay and Mitchell 
and the results agreed well with those secured by the Mojonnier method. 
The results were expressed as the per cent of the total churned fat which 
was lost in the buttermilk. 

In the college creamery and well-operated commercial creameries from 
1.0 to 1.25% of the fat in the cream was lost in the buttermilk. These losses 
are considered to be minimum values. When losses of fat were great they 
could be reduced by several simple practices. The cream should test 36 to 
40% fat. Low test cream gives more buttermilk that tests higher in fat. 
The water rinse should not be added directly to the chum but should be 
separated and this cream used for churning. The pasteurized cream should 
be cooled to 40®-45° F. and held at least three hours before churning, prefer¬ 
ably overnight. The churn should not be overloaded and the cream churned 
at a temperature to require at least 45 minutes to churn. Some plants were 
found that were losing a minimum of fat w’hile one creamer}’’ saved $20 per 
day through more exhaustive churning by following these recommendations. 

A.C.D. 

733. The Rheology of Butter. I. Methods of Measuring the Hardness 

of Butter. R. M, Dolby, Dairy Res. Inst. (N.Z.). (D.S.I.R.) 

Palmerston North, New’ Zealand. Jour. Dairy Res., 12, 329-336. 

1941. 

An apparatus is described in which the resistance of butter to cutting 
by a wire is measured. The results are expressed as the load in grams re¬ 
quired to produce a given rate of cutting. The results were found to be in 
general agreement with, but much more reproducible than those secured 
using the Scott Blair apparatus in which hardness is measured by compres¬ 
sion of a cylindrical sample. S.T.C. 

734. The Rheology of Butter. 11. The Relation between the Rate of 

Shear and Shearing Stress. The Effect of Temperature and of 

Reworking on Hardness and on Structural Viscosity. R. M. 

Dolby. Dairy Res. Inst. (N.Z.). (D.S.I.R.) Palmerston North, 

New’ Zealand. Jour. Dairy Res., 12, 337-343. 1941. 

It is shown that the rate of shear of butter when cut by a wire increases 
as a power of the load applied to the wire. The values determined for this 
power were high (index n = 8 to 15, average 11 at 12.5® C. (54.5® F.) and 
show a high structural viscosity in the butter. Although there was no indi¬ 
cation that butter exhibits a true yield value the (rate of shear)/(load) 
curve is such that a practical yield value can be found. The practical yield 
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value (defined as the minimum load required to produce a measurable rate 
of flow) was used as a measure of the hardness of butter. The hardness of 
a number of samples of butter was determined over the range 6-18° 0. 
(42.8‘’-64.4° F.}. The hardness of the butters showed a steady fall with 
increase in temperature but the rate of decrease was not the same for all 
the samples so that their order of hardness changed as the temperature was 
increased. Reworking was shown to decrease the hardness to about one* 
fourth of the original value. There was a slow recovery on standing. 

S.T.C. 

735. The Rheology of Butter. III. The Effect of Variation in Butter¬ 

making Conditions on the Hardness of the Butter. R. M. Dolby. 

Dairy Res. Inst. (N.A.). (D.S.I.R ) Palmerston North, New Zea¬ 
land. Jour. Dairy Res., 13, 344-349. 1941. 

Slowly cooled cream was found invariably to yield butter which was 
softer than that churned from rapidly cooled cream. The use of low tem¬ 
perature wash water tended to reduce the hardness of the butter but the 
effect was small. The other factors studied had no consistent effect on the 
hardness of the butter. These were the type of pasteurizer, temperature 
during holding and during churning and amount of working. S.T.C. 

736. Observations on Bacterial Discoloration of Butter. A. H Wmir:, 

Dairy Specialist, Sci. Serv., Ottawa, Canada, Canad. Dairy and 

Ice Cream Jour., 81, No. 7; 19. 1942. 

Discoloration of butter which contained from 1.5 to 2.0% salt has been 
found due to Psetidomonas nigrifadens, although on laboratory media the 
organism does not produce pigment with 5.0% salt or more. The defect 
was also reported for the flrst time on the surfaces of butter boxes which 
had been held at temperatures of 33° to 40° F. Case histories and experi¬ 
mental trials indicated that the discoloration had developed because of 
extraneous moisture at the surface of butter. The organism has been iso¬ 
lated from floors, drains, and a butter printing table in plants which have 
experienced trouble. The organism is easily destroyed by pasteurization 
at 170“ F. for one minute. O.F.G. 

737. What War Has Done to Fats and Oil Supplies. G. W. MoBainE. 

Food Indus., 14, No. 2: 57-59. 1942. 

Warfare in the ii^acific has reduced our imports of fats and oils. Pri¬ 
mary fats and oils have not been Increased in production domestically to 
meet our needs during the past 30 years. 

In 19^, however, a 35% increase in lard production over the 1936-40 
average is anticipated. Flax seed production in 1942 will approach record 
production; and Canadian and Argentine turpluaes are available. 
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The production and trade in oils indirectly aflfect milk fat economics. 
Eegardless of the balance maintained between animal and vegetable fats, 
specific fats will be subject to shortages although there is, by a price-fixing 
plan, a tendency to reduce shortages in the fat and oil supplies. J.C.M. 

CHEESE 

738. How to Use Waste Rind in Processed Cheese. Simon Briceneb, 

Consulting Chemist, Brooklyn, N. Y. Food Indus., 14, No. 3: 47. 
1942. 

Natural Swiss cheese is covered with a rind a quarter of an inch thick. 
Natural Swiss cheese is used in making processed Swiss cheese and part of 
a blend of American cheese. Before cooking the rind has usually been 
thrown out but it has been found to contain 35% fat and 20% moisture. 
This is ideal for processing. In a special kind of hammer mill it can be 
ground to a fine powder and up to one third of a batch replaced by it without 
bad results. A higher overrun is possible because of its low moisture con¬ 
tent. 

This process used commercially for past one and a half years has been 
very gratifying. It may lower cost of production and increase the amount 
of processed cheese. J.C.M. 

739. A Simplification of the Scott Blair—Coppen Test for the Pitching 

Consistency of Cheese Curd. G. W. Scott Blair and P. M. 
Scott Blair. Natl. Inst. Res. in Dairying, TJniv. Reading, Eng. 
Jour. Dairy Res., 12, 322-328. 1941. 

The simplification of the Scott-Blair Coppen test for the pitching con¬ 
sistency of cheese curd (reviewed in Jour. Dairy Sci., 24, A26, 1941) con¬ 
sists in increasing the time for each stage in the process. The test previously 
carried out in 50 seconds, each process being carefully timed to the nearest 
second, can be as effectively done more slowly if the same proportionate 
times are used for each stage. The timing need not be highly accurate. 

S.T.C. 


740. Organisms Causing Rusty Spots in Cheddar Cheese. C. S. Peder¬ 
son AND R. S. Breed, N. Y. State Agr. Expt. Sta., Geneva, N. Y. 
Ganad. Dairy and Ice Cream Jour., 21, No. 8: 19. 1942. 

Rusty spot outbreaks in cheddar cheese have been reported from time to 
time and according to the results of the study reported in this article are 
caused by chromogenic varieties of Lactobacillus plantarum var. rudensis 
and LactobaeiUus brevis var. rudensis. The first organism produces a trace 
of carbon dioxide in its production of lactic acid from glucose and other 
carbohydrates, whereas the second produces, in addition to lactic acid, car- 
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boa dioxide, uleohol, and volatile acids from dextrose and mannitol from 
levulose. Non-chromogenic strains of the two organisms are commonly 
present during the ripening of all cheddar and similar types of cheese. 

O.F.G. 

741. Some Other Activities of the Dairy Products Board. J. F. Sinolb- 

TON, Chairman, Dairy Prodncts Board. Ganad. Dairy and Ice 

Cream Jour., 21, No. 4:19. 1942. 

The Board has been active in promoting the saving of domestic veals 
suitable for the manufacture of rennet, has purchased 100,000 veals from 
New Zealand, and has distributed these at cost to the two Canadian manu¬ 
facturers of rennet. Provisions are being made to substitute pepsin for 
rennet in the manufacture of cheese if it becomes necessary even though 
pepsin does not make as satisfactory cheese as rennet. The Board also has 
bem active in securing the release of black iron, tinned iron, and block tin 
for the construction of cheese vats and milk cans. There has been a short¬ 
age of properly seasoned cheese boxes. 

Milk production during 1941 exceeded that of 1940 by about a billion 
pounds or about 6%. An increase of 500 million pounds for 1942 over 1941 
seems desirable to take care of the increased domestic demands and to pro¬ 
vide 125 million pounds of cheese for the United Kingdom. O.F.O. 

CHEMISTRY 

742. Effect of Light on Riboflavin Solutions. Effect of Sunlight on 

Reduced and Unreduced Solutions. C. M. O’Mallett and G. W. 

Sibvbbt. Amer. Jirs^ Milk Inst., Inc., Chicago, Ill. Jour. Indus. 

and Engin. Chem., Indus. Ed., 34, No. 9:1117. Sept., 1942. 

Two extracts of skim milk solids and one solution of synthetic riboflavin 
were prepared for 30 minute periods of exposure to sunlight. To a portion 
of each extract, sodium hydrosulfite was added to maintain the riboflavin 
in a reduced state daring exposure. About 90% of the riboflavin in the 
unreduced solutions was destroyed by the exposure but only a small portion 
of the reduced riboflavin was lost. Reduction of riboflavin with an unstable 
reducing agent did not protect the solution when heat was applied. 

B.H.W. 

743. Measuring the Concentration of Dissolved Oxygen in Dairy Prod¬ 

ucts. A Voltammetries Method. O. H. HAitncAN and 0. F. 

Oabbbtt, N. J. Agr. Expt. Sta., New Brunswick. Jour. Indus. 

and Engin. Chem., Analyt. Ed., 14, No. 8; 641. Aug., 1942. 

The method of measuring dissolved oxygen by the dropping mercury 
electrode has been applied t9 milk. The method determines tite coneentra- 
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tion of dissolved oxygen in the aqueous phase of a milk product and the 
quantity of dissolved oxygen is calculated after considering the solids con¬ 
tent of the product. The slight variations in the solids content of normal 
milks did not introduce significant errors. A linear relationship was ob¬ 
served between the concentration of dissolved oxygen in milk and the mag¬ 
nitude of the galvanometer deflections. The concentration of oxygen in 
milk may be determined at a potential ranging from 0.8 to 1.2 volts. The 
method gave reliable results when used in the determination of dissolved 
oxygen in a number of commercial milk samples. B.H.W. 

744. Oxidative Destruction of Vitamin D. J. C. Fritz, J. L. Halpin, 

J. H. Hooper, and E. H. Kramkb. The Borden Co., Elgin, Ill. 

Jour. Indus, and Engin. Chem., Indus. Ed., 34, No. 8: 979. Aug., 

1942. 

A substantial loss in potency may occur in the vitamin D added to dry 
carriers, such as dry whey, which are used in mixed feeds. Some feeds show 
marked loss of vitamin D during three-month storage at room temperature; 
others show no loss during six-month storage. All the sources of vitamin 
D tested were susceptible to destruction. There was little evidence of a lag 
or induction period in this destruction. Oxidation was shown to be the 
cause of vitamin D loss and any condition which promoted oxidation such 
as increased surface area or the presence of fat which became rancid during 
the storage period accelerated the destruction. Various methods of stabili¬ 
zation were tested. Protection resulted from elimination of air contact and 
storage at low temperatures. Different coating agents such as calcium 
stearate were found to effectively retard oxidation when they were used to 
form a protective coating around the feed particles. If the impregnated 
particles were completely covered, the nature of the insulation had little 
effect on the protection afforded. Antioxidants such as oat flour were help¬ 
ful in retarding oxidation. B.H.W. 

745. Extraction and Assay of Nicotinic Acid from Animal and Plant 

Tissues. Comparison of Methods. Veron H. Ciiei^deun and 

Robert R. Williams, 297 Summit Ave., Summit, N. J. Jour. 

Indus, and Engin. Chem., Analyt. Ed., 14, No. 8: 671. Aug., 1942. 

Various aspects of the problem of determining nicotinic acid in a num¬ 
ber of natural substances have been studied. Seven enzymes were employed 
for digestion, takadiastase and papain appearing to liberate nicotinic acid 
completely from a variety of materials. Enzymatic digestion or acid or 
alkaline extraction gave the same values for nicotinic acid content of meats 
and milk while with cereals the acid and alkaline treatments gave higher 
values, B.H.W. 
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746. Growth Stimulants in the Microbiological Assay for Riboflavin and 

Pantothenic Acid* J. C. Bauernpeind, A. L. Sotier^ and G. S* 
Borupp, Hiram Walker and Sons, Inc., Peoria, III Jour. Indus, 
and Engin. Ghem., Analyt. Ed., 14^ No. 8: 666. Aug., 1942. 

Stimulants for the growth of L. casei in the microbiological assay for 
riboflavin and pantothenic acid when suboptimum amounts of the vitamin 
are present in the assay medium have been shown to exist in some foodstuffs 
including dried skim milk. The presence of the stimulants has been found 
responsible for discrepancy in results in assa}^ of riboflavin and pantothenic 
acid. Stimulatory action of aqueous extracted residues, photolyzed aqueous 
suspensions of foodstuffs, extracted residues of distillers* dried solubles, 
and a number of known compounds is cited. The stimulator^v action may 
be avoided by use of clarified aqueous extracts; preliminary lipoid solvent 
extraction; inclusion of photolyzed extracts of the product in the riboflavin 
assay medium, or inclusion of acid or alkaline-treated extract in the panto¬ 
thenic acid assay medium. B.H.W. 

747. Ethyl Alcohol from Lactose in Whey* H. H. Browne, Bur. Dairy 

Indus., U.S.D.A., Washington. Ganad. Dairy and Ice Cream 
Jour., .21, No. 8: 23. 1942, 

Fermentation of whey lactose to ethyl alcohol by three organisms, Torula 
cremoris, Torulopm sphaerica, and Torula laetosa, is described. The per¬ 
centage of the theoretical yield varied from 25.3 to 83.6 with the different 
cultures used. The economic practicability of fermenting the lactose in 
whey will depend upon local operating conditions. The sulfite liquors used 
in the manufacture of ethyl alcohol do not average over three per cent of 
fermentable sugars while whey contains not less than 4.5% of lactose. 
While the cost of whey assembled for fermentation is uncertain, it is prob¬ 
able that its advantage oveif molasses would be in the lower cost of raw mate¬ 
rials. Its disadvantage is in the higher steam cost which is about three 
times that of distilling a molasses mash. 0 F.G. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

748* Preventing Off-Flavors in Dried Whole Milk. E. L. Jack and 
J. L. Henderson. Pood Indus., 14, No. 3; 50-52. 1942. 

Dried whole milk has been increasing in its use but evaporated still ex¬ 
ceeds it. One reason for its scant production is its low keeping quality. 
Within 60-90 days after production it develops a tallowy taste due to oxida¬ 
tion of fat. Experiments show th|.t dry whole milk, made by the atmos¬ 
pheric drum process, keeps better. Low temperatures aid also. 

This article goes into detail on the Buflovak Experimental Dryer, gives 
data, results, summary and references to dried whole milk studies. 

J.O.M, 
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749. Milk Solids and Bread Enrichment. H. H. Mitchell^ T. S. Hamil¬ 
ton, AND J. B. Shields, Univ. Ill., Urbana. Natl. Butter and 
Cheese Jour., 33, No. 9: 12. Sept., 1942. 

In the manufacture of patent white flour some of the calcium, phos¬ 
phorus, iron, thiamin, niacin and riboflavin are lost. When these substances 
are added to the flour for bread making, the flour and the bread are said 
to be ‘^enriched.’' Feeding tests with rats show that 6% milk solids used 
in white bread markedly improved its nutritive value. Whole wheat bread 
and enriched bread with 6% milk solids excelled enriched bread with added 
calcium and riboflavin. Smaller amounts of whole wheat bread with 6% 
milk solids were required to produce definite gains in weight as compared 
with whole wheat bread and white bread with 6% milk solids. The pres¬ 
ence of milk solids improved bone formation; increased riboflavin in the 
body, as did whole wheat bread, and improved retention of niacin; but does 
not improve concentration of blood hemoglobin over enriched bread or whole 
wheat bread; and does not maintain the thiamin content as do these two 
latter types of bread. W.V.P. 


DISEASE 

750. Homogenized Sulfanilamide-in-Oil Intramammary Injections in 
Bovine Mastitis. J. C. Kakavas, C. C. Palmeb, James R. Hay, 
AND Edward S. Biddle, Newark, Delaware. Amer. Jour. Vet. 
Res., 3, No. 8: 274. July, 1942. 

In vitro studies with several strains of Sir. agalactiae revealed that a 
concentration of 20 mg. per cent of sulfanilamide, which is near the limit 
of tolerance, did not destroy the organisms in 70 hours at 37® C. (98.6® P.), 
but effectively destroyed them at 40.5® C. (104.9® P.). Different strains 
resisted from 0.1 to 1.0% concentration at 37® C. 

A 38% suspension of homogenized sulfanilamide in a light, liquid petro¬ 
latum was injected into individual quarters in 40 cc. doses at 24-hour inter¬ 
vals until four injections had been given. Larger quarters were given 80-cc. 
initial doses. Repeated treatment was administered when indicated. Of 
100 cows injected with Sir, (igcUactiae and three with Str, uberis in a total 
of 265 quarters, 89.3% of the cows and 94.7% of the quarters were freed of 
infection including all infected with Str, uberis. 

Sulfanilamide concentration in the milk was high, but remained low in 
the blood taken from the subcutaneous abdominal vein. Treatment was 
carried out at any time and there were no contraindications and no reactions 
to the treatment. 

Sulfanilamide in oil in 80-cc. doses was effective against pathogenic 
strains of Staph, aureus unless udder necrosis had developed. Sulfathiazole 
in oil was also effective in smaller doses, but caused formation of casein curd 
which was difficult to remove from the udder. S.A.P. 
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751. The Relation of Flies (Musca Domestica Linnaeus) to the Trans* 

mission of Bovine Mastitis. H. E. Ewmo, Jb., Newark, Del. 

Amer. Jour. Vet. Bes., 3, No. 8 : 295. July, 1942. 

With the methods used, it was found that all Musea domestica Linn, 
examined carried Sir. agalaeiiae on their external surface for two days, 20% 
for three days, 6% for seven days and none for eight days. Some flies 
carried the organism internally for 10 but not for 14 days. Of seventeen 
cows carrying either Sir. agalactia^ or pathogenic staphylococcic infection, 
16 showed the presence of the organism on at least one of the external sur¬ 
faces of the teat sphincters immediately before milking, but none were found 
on the sphincters examined after the cows had been milked and stripped by 
machine. 

FUes were rarely found feeding at the oriflce of the teat. It is suggested 
that likelihood of fly transmission is greater when milk containing the organ¬ 
isms is present on the floor and fundamental sanitation would reduce this 
possibility. S.A.F. 

FEEDS AND FEEDING 

752. Feeding of Cows Controls Vitamin A Content of Butter. S. M. 

Hattoe. Food Indus., 14, No. 2 : 48-49 1942. 

Color is not a true index to the vitamin content of butter. Guernsey and 
Jersey butters are high in carotene and low in vitamin A; the reverse is true 
of Ayrshire and Holstein milk and butter. 

Winter butters are lower in vitamin A when compared to summer but¬ 
ters. The problem of feeding to maintain vitamin levels in winter butters 
is difScult. This is due to the lack of hays and silage of excellent quality. 

Butter manufacturers will not reduce the vitamin A content of butter 
when following orthodox procedures. Oxidation reduces the vitamin A 
contents of butters. J.C.M. 


ICE CREAM 

753. Ice Cream Vital to Farm Economy. B. C. Hibbek, Exec. Sec., 
Intematl. Assoc. Ice Cream Mfrs., Barr Bldg., Washington. Ice 
Cream Trade Jour., 38, No. 8: 24. Aug., 1942. 

As proof that the ice cream industry is an essential industry from a 
farm standpoint, the author calls attention to the fact that this year the ice 
cream manufacturers will use over 6,000,000,000 pounds of milk, two-thirds 
of which is used during the season of peak production, when the market is 
needed most for the farmer. In addition to milk 30,000,000 pounds of fruit 
and 8,000,000 pounds of nuts are used. 

Attention is also called to the fact that "lee cream is a dairy product, 
a nutritious food; containing 80% by weight of milk and cream and 15% 
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sweetener^ and with added fruit and nuts and other flavor used in ice cream, 
it is an important food.’* W.H.M. 

754. Corn Syrup Solids: Their Use in Ice Cream. John W. Knechtqes 

AND H. H. Sommer, Dept. Dairy Indus., Univ. Wis., Madison, 

Ice Cream Trade Jour., 38, No. 7:14. July, 1942. 

An investigation was made to determine the extent to which corn syrup 
solids can be used with sucrose in ice cream and the effect of such combina¬ 
tions on the quality of the ice cream. 

Corn syrup solids lower the freezing point of mixes less than sucrose. 
If 4 pounds of sucrose are replaced by 5 pounds of corn syrup solids (1% 
higher total solids in mix) the freezing points are practically alike. If the 
total solids content of the mix is kept uniform by cutting the serum solids 
content, 4 pounds of sucrose may be replaced by 6 pounds corn syrup solids 
without hny practical difference in freezing point. 

Corn syrup solids, while acid in reaction, have such a low buffer capacity 
that they do not affect the acidity of the mix to any significant degree. 

The extent to which sucrose may be replaced by corn syrup solids is from 
25 to SSy/c as judged by taste, body, texture ajid melting behavior of the 
ice cream. 

The whipping ability of mixes is not affected by repla(*ement of sucrose 
by corn syrup solids. 

As judged by melt-down tests, corn syrup solids do not exert a stabilizer 
sparing a(*tion in i(*e creams with moderate stabilizer content, but in heavily 
stabilized ice creams the stabilizer content may have to be reduced as much 
as 25% when 4% of the sucrose is replaced by 5% corn syrup solids. 

While slightly favorable effects in delaying sandiness and shrinkage have 
been observed for corn syrup solids, these effects are too slight to be of 
practical significance. 

In comparisons of 16% sucrose ice cream with 12% sucrose plus 5% 
com syrup solids ice cream by consumer preference tests no significant 
preference w^as found. W.H.M. 

755. Conserving Sugar in Chocolate Ice Cream. B. I. Masurovskt, 

Res. Editor. Ice Cream Trade Jour., 38, No. 6: 25. June, 1942. 

The rationing of cane and beet sugar has caused ice cream manufacturers 
to use other available sweeteners such as corn sugar, corn syrup solids, 
honey, malt sj’Tup, maple syrup, sorghum syrup and molasses. Malt syrup 
which contains 25% moisture, 65% reducing sugars calculated as maltose, 
9% dextrine and 1% ash is recommended for use in chocolate ice cream to 
replace 25% of the sugar of the mix. A good grade of molasses could also 
be used. In this case it would take 100 pounds of molasses to replace 60 
pounds of cane sugar. W.H.M. 
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756. Wartime Production Problems. P. H. Tracy, Univ, Ill., Urbana. 

Ice Cream Trade Jour., 38, No. 8:12. Aug., 1942. 

A number of new problems have been presented to the operators of dairy 
plants as a result of the war. One of the most serious problems which seems 
to be common to all plants is the one of labor shortage. Higher wages paid 
to skilled laborers by defense industries, fewer college graduates and the 
induction of men into military service have made serious inroads into the 
labor supply. Milk productions have been increased in response to the 
demand for evaporated milk, cheese and milk powder, and in many instances 
this increased flow of milk has resulted in plants being operated at peak 
capacity which puts an additional strain on plant equipment. Due to a 
shortage of farm labor it has been dilBeult to maintain qiiality of the new 
material. 

The rationing of scarce materials and supplies has forced the ice cream 
industry to operate on a reduced volume of sugar and chocolate and delivery 
services have been curtailed to meet the demands created by the rubber 
shortage. Market milk plants likewise have had to make many adjustments 
in their delivery services to meet the rubber and labor shortage. 

Some operators, even with an increased volume of business, are finding 
it diflScult, in face of higher wages, increased taxes and ceiling prices on some 
products, to operate their plants profitably, W H.M. 

757. Chemical Sterilization of Equipment. B. I. Masurovrkt. Ice 

Cream Trade Jour., 38, No. 9: 29. Sept., 1942. 

The rationing of fuel oil will necessitate some ice cream plants to reduce 
the amount of steam used. Since a large percentage of steam in an ice cream 
plant is used for sterilizing purposes, the use of chemical sterilizers offers 
a means of reducing the steam and therefore the oil requirements. 

Chlorine sterilizers have been in common use in creameries for many 
years and their use is safe, convenient, and effective. The shortage of fuel 
further promotes their use. 

In using chlorine sterilizers, the fundamental basis of success is cleanli¬ 
ness before the sterilizing agent is applied, since organic materials, present 
as grease and dirt, readily inactivate the chlorine. The increasing use of 
'Vetting agents” in cleansing compounds and sterilizing agents helps pre¬ 
vent waste of chlorine. One hundred parts per million of active chlorine, 
by weight, are sufficient in a solution used to sterilize freezer, pipe lines, 
vats and average ice cream plant equipment. A new chloride disinfectant is 
on the market and it may prov^^o be another step forward in chemical 
sterilization. This product known as Boccol, alkyl-dimethyl-benzyl-ammo- 
nium-chloride, (1-6000 or 200 p.p.m.) is suggested for use in the steriliza¬ 
tion of wiping cloths, to avoid transmission of micro-organisms to frosen 
products. W.H.M. 
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758. Experiments in Freezing Cream for Storage. G. M. Trout^ Mich. 

Agr. Bxpt, Sta., Bast Lansing, Mich. Canad. Dairy and Ice 

Cream Jour., 21, No. 7: 22. 1942. 

The purpose of freezing cream is largely to utilize without churning 
surplus cream at peak of production for later use when fat production is 
not so great, to conserve fat in plants which do not have facilities for 
churning, and to provide a more economical fat supply inasmuch as a lower 
price fat is being stored and that fat losses are reduced to a minimum since 
churning losses are not involved. The two major problems of freezing 
cream are the preservation of good flavor and the prevention of de-emulsifica- 
tion of the fat. Cream intended for freezing should have a high fat content, 
an excellent flavor as the cream after storage will never have a flavor superior 
to that when fresh, and a low titratable acidity with no developed acidity. 
It should preferably be high in carotene because such cream is high in color 
and rich in vitamin A. Eesults of studies indicate that cream to be stored 
frozen must be pasteurized at an exposure of not less than 165*^ P. for 15 
minutes and preferably at 185® P. for five minutes. Homogenization had 
very little inhibitory action toward oxidation. The type of container in 
which cream may be stored is of little consequence so far as off flavor de¬ 
velopment was concerned. No method was found whereby the fat emulsion 
remained completely stabilized upon freezing. Only high-fat, excellent 
quality, low-acid cream, free from copper contamination should be con¬ 
sidered for freezing. Pasteurizing such cream at a high temperature is to 
be preferred over low-temperature pasteurization. O.P.G. 

759. The Proper Care and Use of Homogenizers in Making Ice Cream 

Mix. A. W. PARRAiiii, The Creamery Package Mfg. Co., Chicago. 

Canad. Dairy and Ice Cream Jour., 21, No. 6: 26. 3942. 

Homogenization breaks up fat globules into smaller sizes and has an 
effect on protein stability and water binding power of the ice cream mix. 
Recent studies show that greater protein stability is obtained when the fat 
breakup is secured without excessive pressures. The proper homogenizing 
pressure to use will depend upon the composition of tlie mix, the quality 
of the raw materials, the type of homogenizer, and other factors. The 
homozenizer should give a uniform steady pressure, which means that the 
suction and discharge valves must be kept in good condition. There must 
be no air leaks. Plunger packing should be removed daily for cleaning 
and when put in place again should be tightened only sufiBciently to prevent 
leaks. The homogenizing valve requires periodic resurfacing. The drive 
end of the homogenizer usually requires only periodic change of lubricating 
oil. The homogenizer should be completely dismantled and washed each 
day in use. Care of the homogenizer is for the purpose of keeping the 
machine clean and maintaining it in efScient working condition. O.F.G. 
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760. Reducing Oiling off of Frozen Cream Used in Ice Cream. J. C. 

Hennino, Div. Dairying, N. Y. Agr. Szpt. Sta., Geneva. Ice 

Cream Trade Jour., 38, No. 7: 20. July, 1942. 

It has bemi shown that homogenization alone and homogenization and 
the addition of gelatin did not prevent destabilization and subsequent oiling 

by increasing the viscosity and clumping of the fat globules of the cream 
before storage. The cream separated from pasteurized milk which had been 
cooled to 40® F., held at that tmnperature for 20-24 hours, warmed to 80®- 
85° F. and separated did not oil off as much as cream separated from pas> 
tenrized milk which had been cooled to 80°-90® F. The cream from the 
treated milk oiled off less than Ihe regular cream which had 10% sugar 
added. It was concluded that differences in the physical state of the cream 
other than the increase in viscosity was responsible for differences in oiling 
off after freezing. W.H.M. 

MILK 

761 . Sanitation of Milk Plant Operations Pays Dividends. Jambs A. 

Tobet, Amer. Inst. Baking, N. Y. Jour. Milk Teehnol., 5, No. 4: 

215. July-Aug., 1942. 

The cost of sanitation is only a very small fraction of the cost of produc¬ 
tion and distribution. On the farm the principal cost of milk production 
is for feed and labor, which are nearly two-thirds of the total cost. The 
distributors’ largest items of expense are his labor and payment to the 
farmer for the milk. These items represent about 70% of the dealers’ total 
cost 

In Michigan a study made on 499 farms during 1932-1936 reported that 
the cost of producing milk*per cow per year for market milk purposes was 
$1.22 more than for condensery milk. 

In a more recent study made by a large dairy concern it was reported 
that on 376 farms in eleven markets it cost slightly more than 33 cents a 
hundred pounds to produce market milk complying with the milk ordinances 
in force as compared with the cost of producing manufactured milk; in this 
case evaporated. About 24/ of this cost was for ordinance compliance and 
nine cents for extra transportation. Everlasting vigilance in the hygienic 
production of milk is necessary; many have been the penalties of poor sani¬ 
tation. A number of examples are cited where courts have awarded dam¬ 
ages to consumers due to illness caused by unwholesome or contaminated 
milk. , L.H.B. 

762. The Administrative Public Health Problems in Milk mid Milk 

Products. Lpotd Abnoud, Dept. Bad and Pub. Health, Ool. 

Med., Univ. lU., Chicago, Ill. Jour. Milk TcchnoL, S, No. 4 : 229. 

July-Ang., 1942. 

^'Healthy cows, cleanliness and proper cooling are the un^lying faeturs 
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in farm sanitation. Every administrative ofiSce should separate the com¬ 
mercial advantages of increasing keeping qualities versus the protection of 
the health of the public.” 

Improvement in rural sanitation has been so marked during the past 
two decades that it is now possible to shift our administrative control from 
the farm to the plants. ”The facilities for proper milk production may be 
ascertained by farm inspection which can be made less frequently than when 
we attempted to control the sanitary quality of the milk on the farm.” 

Present regulations regarding pasteurization should be continued. More 
emphasis should be placed on post pasteurization handling of the milk, and 
better packaging is desirable. ^^The less inspection and regulation we can 
do to insure a wholesome, sanitary and drinkable milk, the better off we are 
in the long run. ’ ’ L.H.B. 

763. The Freezing Point of Milk. 1. The Freezing Point and Solids- 

Not-Fat Content of the Milk of Individual Cows Throughout a 

Period of Lactation. R. Asciiapfenburg and P. L. Temple. 

Natl. Inst. Res. in Dairying, TTiiiv. Reading, Eng. Jour. Dairy 

Res., 12, 315-321. 1941. 

The freezing point and solids-not-fat content of individual samples of 
morning and evening milk from three Dairy Shorthorn cows were deter¬ 
mined throughout the greater part of a lactation (March-Oct., 1936). The 
average values of the freezing points for the three cows were - 0.546, - 0.546 
and -0.544^ C. (31.0172. 31.0172 and 31.0208^ P.) for the morning milk 
and 0.548, - 0.548 and - 0.546° C. (31.0136, 31.0136 and 31.0172° F.) for the 
evening milk. The corresponding averages for the solids-not-fat were 8.84, 
8.64 and 8.19% for the morning milk and 8.91, 8.04 and 8.14% for the 
evening milk. 

For each animal the freezing point of the morning milk was on the aver¬ 
age 0.002° C. (0.0036° P.) higher than that of the evening milk. 

No freezing point higher than -0.529° (J. (31.0478° P.) or lower than 
-0.560 C. (30.9920° P.) was encountered. The freezing point in general 
deviated no more than 2% and in the most extreme case, by no more than 
3.5% from the mean of-0.546 ± 0.002° C. (31.0172° P.). No evidence was 
found of any influence of the stage of lactation on tlie freezing point, but a 
slight increase persisting for some weeks occurred coincident with the time 
at which spring pasture became available to the animals. S.T.C. 

764. The Plate Count and Methylene-Blue Reduction Test Applied to 

Milk. H. Barkworth, South Eastern Agr. Col., Whe, Kent, J. 0. 

Irving, London School of Hygiene and Trop. Med., and A. T. R. 

Matcick, Natl. Inst. Res. in Dairying, TJniv. Reading, Eng, Jour. 

Dairy Res., 12, 265-814. 1941. 

The primary object of this experiment was to find whether the standards 
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set by the modifled methylene-blue reduction test (Sj^ hr. winter and 4i hr. 
summer) approximated to those set by the plate count method (200,000 
colonies per ml.) previously used. A comparison of the grading by the two 
methods is given as follows: 

Bummer samples Winter samples 



Number 

% 

Number 

% 

Paased or failed both testa 

1003 

87.3 

631 

84.6 

Passed plate eount, failed B. T. 
Passed B. T., failed plate eoimt 

105 

9.1 

87 

11.7 

41 

3.6 

28 

3.8 


A number of samples representing subsamples from a common bulk were 
tested in their different laboratories. The conclusion is reached that when 
transit hazards are eliminated, and when standard technique is adhered to 
rigorously the results of the plate count, the methylene-blue test and the fat 
test (Gterber) are comparable between different laboratories. 

Samples of morning milk were tested in quiutuplicate by both plate count 
and methylene-blue test. The methylene-blue tubes were observed every 5 
minutes. One htmdeed sixty-nine samples were so analyzed. Defining sen¬ 
sitivity as the powfflr of discriminating significantly between milks of differ¬ 
ent bacterial constitution, the conclusion was reached that the plate count 
is slightly more sensitive than the methylene-blue test observed eveiy 5 min¬ 
utes and slightly more sensitive than the latter observed every half hour. 
Since the coefficient of variation of the logarithm of the plate count was 
slightly less than that of the methylene-blue test observed every 5 minutes 
it is considered to be the correct measure to use. A further conclusion was 
that two samples whose reduction times differ by 30 minutes are not sig¬ 
nificantly different. Such a difference is only significant if the result is 
based on the mean of duplicate tests with 5-minute observations or of tripli¬ 
cate tests with half-hourly observation. S.T.C. 

765. The Stability of Hoifiogenized Milk. V. B. Sullam, N. (3. State 
CoL Milk Plant Monthly, 31, No. 4; 23. April, 1942. 

Samples of milk testing 3.5% and 4.6% were taken (1) immediately after 
standardization, (2) after pasteurization at 160° F., and (3) after similar 
pasteurization but homogenized at 2500 pounds pressure and studied for 
protein stability, using protein precipitants such as alcohol, acetone, several 
neutral salts, aluminum sulphate, aluminum chloride, lactic and hydro¬ 
chloric acid. The results obtained with alcohol, acetone, and neutral salts 
indicated that homogenization increased the protein stability of milk 
whereas, results from the other chemicals used indicated no difference in 
stability between raw, pasteurized and homogenized milk. 

Homogenized milk could be identified by adding to a 5-ml. sample of the 
milk under question 2 mL of a saturated solution of common salt and 8 ml. 
of distilled water. A positive test shows no separation. 
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The conclusion is reached that no special difficulty in the manufacturing, 
handling, and trading of homogenized milk be expected as a result of effects 
upon stability. G.M.T. 

766. Elasticity of Supply of Milk from Vermont Plants. III. Forecast¬ 

ing the Milk Supply. S. M. Johnson, Vt. Agr. Expt. Sta. Bui. 

480. 1942. 

The purpose of this studj' was to determine the manner in which the sup¬ 
ply of milk in Vermont has responded to changes in various factors, and to 
arrive at a more satisfactory method of forecasting the milk supply. Data 
on (1) how changes in production are brought about, and (2) on which they 
are brought about may be used as a basis of prediction. 

Of the first type, most valuable for purposes of prediction are data on 
changes in cattle numbers. The number of milch cows can be predicted 
with considerable accuracy a year in advance, from data on the number of 
one- to two-year-old heifers on hand, and on recent slaughter and interstate 
shipments of cows. The rate at which grain is being fed is highly corre¬ 
lated with current, but not with future, production, and is of little or no 
value as a basis for prediction of receipts. 

Of the second type of data, of things which influence farmers to change 
the numbers of cows milked or feeding practices, and so to change the 
amount of milk produced and delivered to plants, the relation between milk 
prices and grain prices, the milk-feed price ratio, has proven to be most 
closely related to subsequent production, and most useful for purposes of 
prediction of supply. 

Of the various forms and combinations of factors examined in this at¬ 
tempt to develop a technique for accurate forecasting of the total market 
supply of milk in a producing area, the group which gave the best results 
(Method 11, p. 58) included factors of both types. P.H.T. 

767. Effect of Homogenization on the Curd Tension, Digestibility, and 

Keeping Quality of Milk. C. J. Babcock. U.S.D.A. Tech. Bui. 

832. 1942. 

A pressure of 2500 gives the maximum reduction in curd tension obtain¬ 
able. MUk homogenized after pasteurization will have a lower curd tension 
if processed at a temperature either higher or lower than the temperature of 
pasteurization. There is no advantage of the two-stage homogenizer over 
the single-stage machine as far as curd-tension reduction is concerned. An 
increase in butterfat results in a reduced curd tension. A mixture of 
homogenized and unhomogenized milk produces a product with a curd 
tension slightly lower than the theoretical average curd tension for that 
particular combination. Partial freezing does not materially effect the curd 
tension of milk. 
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By digestion in vitro, it was found that proteoljrsis taices place more* 
rapidly in either boiled or homogenized milk than in raw milk but not more 
completely. 

In the presence of artificial gastric juice homogenized milk forms smaller 
curds than unhomogmiized milk. 

Homogenization retards or inhibits the development of copper induced 
oxidized flavor in milk. Approximately 10 times as much copper is required 
to produce an oxidized flavor in homogenized milk as is required to produce 
a similar flavor in the same milk unhomogenized. 

Homogenized milk is more susceptible to the action of sunlight than is 
unhomogenized milk. 

From a bacteriological standpoint (as determined by the plate count) 
there is no significant difference in homogenized and unhomogenized milk. 
The extent of acid development in those two types of milks is similar 

P.H.T. 


768. The Bacterial Population of Paper Milk Containers in Relation to 
Methods of Moisture Proofing. J. W. Bice, N. Y. Agr. Expt. 
Sta., Geneva. Tech. Bui. 263. 1942. 

Thirty-two hundred Pure Pak milk containers were made up and sealed 
under commercial conditions for experimental purposes in 16 series of 200 
containers each. Each series of containers received special moisture-proof¬ 
ing in the form of a specific melting-point parafiSn applied at a given tem¬ 
perature. In the laboratory, under random sampling, 100 containers from 
each waxing treatment were subjected to nutrient broth sterility tests, and 
an additional 276 containers were tested by plating sterile water rinses to 
obtain bacterial counts. In both of these methods the sterile charges of 
water and of broth were mtroduced by a special syringe-needle-puncture 
method to avoid possible air contamination. 

The efiSciency of wax coverage obtained in the several moisture-proofing 
processes was studied by making microscopic examinations and counts of 
punctiform spots on the inside walls and by planimetric measurements of 
stained comers and seams on the insides of containers which were treated 
by 24-hour contact with a 0.1% methylene-blue solution at room tem¬ 
perature. 

From the broth sterility tests made on a total of 1600 containers, selected 
uniformly from the several moisture-proofing treatments, it was found that 
approximately 80% of them were sterile. The temperature at which mois¬ 
ture-proofing was done, as well as the melting-point of 1h.e parafbi used in 
the various treatments, showed practically no differences in tiie percentage 
of sterility among the several sets of containers. Plate counts of viable bae- 
tmia from the platings of water rinses made on 276 containers, chosen from 
the moisture-proofing processes, revealed approximately sterility. 
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Only 10 containers yielded more than five colonies per container. The mois¬ 
ture-proofing methods employed showed no effect on the percentage sterility 
nor on average colony counts per container by this method of testing. 

Planimetric readings of methylene-blue-stained comers and seams and 
counts of punctiform spots on the inside walls of 320 containers selected uni¬ 
formly from all methods of moisture-proofing indicate quite clearly that the 
most efficient moisture-proofing is obtained by treating paper containers 
with a high-melting-point wax, such as 133° to 135° F. American melting 
point applied at the lowest possible temperature, such as 150° F. P.H.T. 

769. How Methods and Promptness of Cooling Affects the Quality of 

Milk. A. J. Gelpi, C. S. McClebkey, D. M. Smith, La. State 
Univ. Univ. Bui. 344. 1942. 

The following methods of milk cooling were studied; (1) (.Vmling tank 
using 33°-40° F. water agitated. (2) Conical cooler to 33°-36° F. followed 
by storage in can in water tank (33°-40° F.). (3) Tubular surface cooler 

to 33°-36° F. followed by storage in ean in water tank at 33°—40° F. 

It was found that the milk cooled in the can in the tank (method 1) had 
the highest bacterial content. Delayed (2 hours) cooling was of no sig¬ 
nificance in the case of methods 2 and 3 but resulted ui a significant increase 
in bacteria in the milk cooled by method 1 after holding 12 hours. There 
was no difference in the fiavor of the milks that could be attributed to the 
method of cooling. 

Directions for the production of high-quality milk are included. 

P.H.T. 

770. Bacteriological Control of Milk Quality. Lawrence Little, Ster¬ 

ling Meadow Gold Dairy, Oklahoma City. Jour. Milk Teelinol., 5, 
No. 4: 221. July-Aug., 1942. 

Tests were made on samples of both inspected and uninspected milks 
over a period of 14 months for determining the presence of thermoduric 
organisms. 

It was found that thermoduric organisms were prevalent in both sup¬ 
plies. In the uninspected milks they were present the year round, while 
in the inspected or graded milks they were of little consequence in the sum¬ 
mer but were a problem in the winter. 

Microscopic examination of incubated samples of raw milk was of no 
value in detecting the presence of thermoduric organisms. Neither was the 
fermentation test of any value. The methylene-blue and resazurin tests 
were also found to be ineffiective for detecting samples with large numbers 
of thermoduric organisms. 

Laboratory pasteurization is necessary for detecting these organisms. It 
definitely detects a type of unsanitary conditions on the farm that is not 
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dftteeted bjf soj of oar present tests. However, it in itself is not a sufficient 
test for determining the sanitary quality of a milk supply. Meyers and 
Pence’s oval tube technique was used in connection with the pasteurization 
test and proved its worth. It was found that it could replace the standard 
agar plate count altogether for routine control work, saving labor, equip¬ 
ment and space. L.H.B. 

771. The “Cream Top” Type Bottle lor Laboratory Sampling of Homo¬ 

genized Milk. Joseph IdfviitE and Bubih H. FsimaOLD, Bur. Food 
and Drugs, Dept. Health, N. Y. Jour. Milk TechnoL, 5, No. 4: 
202. July-Aug., 1942. 

A simple and practical method for sampling homogenized milk for deter¬ 
mining the fat content in the upper 100-ml. layer is described and illustrated. 

Homogenized milk, when brought into the laboratory, is thoroughly 
mixed and then poured into the cream top bottle; placed in the refrigerator 
and allowed to set undisturbed for 48 hours, at end of which time a plunger- 
type apparatus which is illustrated in the article is inserted in the bottle so 
that it forms an effective seal in the neck, permitting the pouring off of the 
upper layer. A volume of approximately 100 ml. is obtained in this portion. 

L.H.B. 

772. The Influence of Ammonia on the Development of Rancidity in 

Milk. C. H. Castell, Dept. Bact., Ontario Agr. Col., Guelph, 
Ontario. Jour. Milk TechnoL, 5, No. 4: 195. July-Aug., 1942. 
Preliminary experiments conducted showed that both addition of am¬ 
monia to milk and the exposure to an atmosphere containing ammonia were 
effective in accelerating the reduction in surface tension and in the develop¬ 
ment of rancid flavors when milk was held at 5° C. 

It was found that there was an apparent difference in ^ect on the milk 
from different cows, and to a lesser degree with different breeds. The effect 
increased as the lactation period advanced. 

The author doubts if the concentration of ammonia, except in extreme 
cases, in the atmosphere of the barn where cows are milked would ever be 
a major factor in causing the development of rancidity in millc and cream. 
However, in late winter and early spring a strong odfu* of ammonia is not 
uncommon in many bams, and could very well be a contributing factor. 
Also, a breakdown of a refrigeration unit, accmnpanied by an escape of gas 
in the atmosphere, could be a factor in accelerating the development of 
rancidity in raw milk and cream. L.H.B. 

773. Tbertnoduric Organisms in Kdation to High-Tconperatiua Short- 

Time Pasteurization. F. W. Fakan, Res. Prof. Bact, Dept. Bact. 
and Hygiene, Mich. State CoL, Bast Lans^g. Jour. MSSk Teohnol.^ 
5, No. 4: 287. July-Aug., ,1942. 

'‘Thermoduric in dairy baetenologf tnasd to dedgnate a gmip tff 



WhK 


A321 


bacteria which will withstand the temperature of milk pasteurization, 140 
to 145° F. for 30 minutes, or 160-161° F. for 15 to 16 seconds, but will not. 
grow at this temperature/’ 

We should expect to find more thermophilic bacteria in milk pasteurized 
at 142-145° F. for 30 minutes than in milk pasteurized at 160-161° P. for 
15-16 seconds, and conversely we should expect to find more thermoduric 
bacteria in milk pasteurized at 160-161° P. for 15-16 seconds than in milk 
pasteurized at 142-145° P. for 30 minutes. 

Pour groups of these latter mentioned organisms are commonly found 
in milk, being micrococci, streptococci, sarcinae and bacilli. Most common 
are the micrococci. 

The i>riiicii)al sour(*es of these organisms are the udder, poorly cleaned 
and improperly sterilized milking machines, milk pails, cans and other milk 
utensils. 

Methods most generally used for determining the presence of thermo¬ 
duric bacteria are laboratory pasteurization of the milk samples, then plat¬ 
ing, or laboratory pasteurization at 161° P. for 16 seconds, then incubating 
at 37° C. for seven hours, after which they are examined under the micro¬ 
scope. Another metliod is to incubate the raw milk at 58° to 60° P. for two 
hours and then examine under the microscope. 

Thermoduric bacterial control is a producers’ problem. L.H.B. 

774. Problems Incident to the Production and Use of Homogenized 
Milk. 0. M. Trout, Mich. Agr. Expt. Sta., East Lansing, Mich. 
Jour. Milk Techiiol., 5, No. 4; 233. July-Aug., 1942. 

The pi'oblems involved are processing, packaging, distribution, labora¬ 
tory control, cooking and utilization of returns. 

Processing creates problems which recjuire attention, such as processing 
temperature, clarification, bacterial counts, cream line and eflSciency of 
homogenization treatment in order to meet required standards. 

Packaging problems are created due to the fact that homogenization 
increases foaming, making it difficult to fill the packages properly. 

Distribution problems encountered are seepage around cap seat in the 
summer, and in winter, watery appearance of the upper portion when 
thawed after freezing. 

Laboratory control: Modification of the Babcock test is required. H 2 SO 4 
acid, having a sp. gr. of 1.815-1.820, is recommended. 

Efficiency of homogenization must be checked. 

Cooking: Problems arising in the use of homogenized milk in cooking 
deal chiefly with the fact that it is apparently more sensitive to heat than 
unhomogenized milk. 

Utilization of returns: This is not so much of a problem as when homo¬ 
genization was first introduced. It has been shown that homogenized milk 
can be successfully used in making cottage cheese and buttermilk, L.H.B. 
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775. Merits of Churaed Buttermilk. G. L. Boadhottsb, tTniv. Calif., 

Davis, GsUf. Cauad. Dairy and Ice Cream Jour., 21, No. 8: 54. 

1942. 

The following points are suggested for making a churned buttermilk 
that is pleasing in flavor, does not “whey off” readily, contains butter 
granules, and between 1 and 2% fat: (1) Use a clean-flavored vigorous 
starter, (2) Select skim milk of the best quality, (3) Pasteurize so as to 
destroy as many bacteria as possible, (4) Pasteurize the cream separately 
at 145° F. for 30 minutes, (5) Mix tl^ cream with the skim milk before or 
after the starter is added, (6) Add 0.75% fat in the form of cream, (7) 
Develop an acidity of 0.7 to 0.8%, (8) Add a small amount of salt to im¬ 
prove the flavor, (9) Chum at a temperature between 68 and 72° P., and 
(10) add to the churned buttermilk at least 0.025% sweet qream. O.F.G. 

776. Adjusting Milk Delivery to Meet Tire Shortage. W. P. Mortbn- 

BON, TJniv. Wis., Madison, "Wis. Canad. Dairy and Ice Cream 

Jour., 21, No. 8 : 29. 1942. 

This is a timely article dealing with ways and means of conserving 
tires in the dairy industry. The author suggests that the following services 
can be discontinued: (1) Collecting milk accounts and soliciting new cus¬ 
tomers, (2) Special deliver}', and (3) Special brands of milk and specialty 
products. Other services can be materially reduced and the author sug¬ 
gests the follovring five plans: (1) Zone the city for home milk delivery, 

(2) Form an independent unified delivery system for the entire market, 

(3) Every other day milk delivery, (4) Eliminate home delivery entirely 
and let consumers obtain milk from retail stores and milk depots, (5) Unify 
the whole milk distribution system, that is (a) set it up as some kind of 
public utility like gas, street car, bus, electric system, or (b) let the city 
own the milk distribution as it now does the water system. 

None of these plans will bring about a complete solution satisfactory to 
all interests in the market. O.F.G. 

777. Canadian Agriculture in the Post-War Period. J. F. Booth, Assoc. 

Dir. of Marketing, Dept. Agr., Ottawa, Canada. Canad. Dairy 

and Ice Cream Jour., 21, No. 5:30. 1942. 

A 200-year chart of price levels shows a gradual improvement of farm 
prices relative to general wholesale prices. In each war period, prices 
increased more than 100%i and in each case they returned to a level close 
to, or below, that prevailing befoii the war. There is certain evidence that 
agriculture has been adversely affected by the outcome of wars. An in¬ 
crease or decrease in retail prices of 20% may mean a 30% change in whole¬ 
sale prices and a 50% change in farm prices. Such a relationship indicates 
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that fanners are much more drastically affected by price changes than 
most other groups. This characteristic of farm prices is closely related to 
a failure of farmers to quickly adjust production levels after a period of 
inflation and high production level. The author’s interpretation of past 
records brings the conclusion that wartime inflationary prices have been 
distinctly harmful to agriculture. Farmers have every reason to join with 
others in a program of price stabilization. The post-war period will be 
influenced by demobilization and soldier settlements, adjustments in indus¬ 
try and labor, international trade relations, immigration policies, and recon¬ 
struction abroad. Farmers should not oppose a policy that involves the 
admission of immigrants representing various occupations in somewhat the 
same proportion as such occupations are now represented in the Canadian 
population. The question of markets in the post-war period is of great 
importance to Canadian agriculture and most economists favor the removal 
of trade barriers in order to increase these markets. The opportunities of 
expanding the domestic Canadian market for certain foods is good since a 
substantial proportion of Canadian people do not obtain a sufficient supply 
of certain foods. O.P.G. 

778. A New Order in the Making for Canadian Dairymen. J. E. Lat- 
TiMER. Canad. Dairy and Ice Cream Jour., 21, No. 4: 25. 1942. 

This is an address given before the National Dairy Council of Canada. 
The author points out that Canada ranks high in per capita consumption of 
dairy products because of its large consumption of butter. Canadians in 
general pay less for their fluid milk than do United States consumers. The 
provision of cheap milk by the producer is primarily due to the great num¬ 
ber of milk cows in proportion to population in Canada, the small dependence 
on hired labor, and the ability and persistence of the dairy farmer. Price 
regulation of fluid milk has come into existence primarily to insure a regular 
supply to the consumer. Regulation has been extended recently to cheese 
and butter. If a new order for the farmer in general and the dairy farmer 
in particular is wanted, the first need is a new deal in the matter of wages. 
Past records indicate that a new order is necessary. The following points 
must be considered in establishing a new order for the dairy farmer: 1, De¬ 
centralization of butter making, 2. Reduced costs of distribution of fluid 
milk, 3. Raising dairy heifers in less expensive surroundings, 4. Artificial 
insemination, 5. Improved pastures, 6. Increased volume of production per 
farm, 7. Cheaper feeds. O.P.G. 


PHYSIOLOGY 

779^ Studies on Experimental Teat and Mammary Development and 
Lactation in the Goat. S. J. Folley, Heijsn M. Scott Waston, 
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AND A. C. BoTTOifiiEy. NatL Inst. Bes. in Dairying, ITniv. Beading, 
England. Jour. Dairy Bes., 12, 241-264. 1941. 

The authors summarize their results as follows: 

1. Observations on five animals indicate that the teats of immature 
castrated male goats grow isometrically. Less extensive data on three 
animals allow of the tentative conclusion that tlie same is true of immature 
normal males. In the male goat, therefore, teat growth appears to be unin¬ 
fluenced by the testes. 

2. Administration of diethylstilbestrol or its dipropionate to normal 
or castrated immature male goats causes the teats to grow alloiuetrioally 
for a time. 

8. No externally visible udder growth occurred even when oestrogen 
treatment was prolonged for periods of over a year and was supplemented 
by progesterone or ethinyltestosterone. Whole mounts of glands from 
treated animals indicated that some mammary growth had occurred. In 
two cases microscopic examination showed the presence of alveoli. No ex¬ 
planation can be offered of the failure to develop the udder in the male 
goat experimentally. 

4. Endocrine activity of the ovary as evidenced by a change from iso¬ 
metric to allometric teat growth often manifests itself in the young female 
goat at an early age. In one ease allometric teat growth was in progress 
at 41 days of age. During the allometric phase the data agree with the 
simple allometric law. 

5. During the rutting season following its birth, teat growth ceases 
completely in the female goat; allometric growth is resumed when the 
rutting season ends. It therefore appears that the corpus luteum inhibits 
teat growth. 

6. Administration of diethylstilbesterol or its dipropionate (by inunc¬ 
tion of the udder region) causes, in the virgin female, an increase in the 
rate of teat growth accompanied by udder growth. 

7. In virgin females the above treatment was followed, after a latent 
period during which udder growth occurred, by prolonged lactation, at the 
height of whidi the daily milk yield was of the order of 15-21. No treat¬ 
ment with anterior pituitary extract was necessary. In normal or castrated 
males the treatment resulted in the secretion of only minute quantities of 
milk. 

8. Lactation was initiated and increased in mtensity while oestrogen 
administration continued. It is thaught that low doses of oestrogen exert a 
galactopoietio effect through the anterior pituitary. 

9. During the flrst part of the artificial lactation period, the changes in 
milk composition were similar to those characteristic of the colostral period. 
Subsequently, milk of excellent chemical quality was secreted. S.T.C. 
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780. Effects of Testosterone Propionate and Stilbestrol on the Mam¬ 

mary Gland Postpartum. Edward M. Jeppson^ Habrt Y. Kasa- 
BACH AND Aaron E. Kantbr, Salt Lake City and Chicago. Jour. 
Clin. Endocrinol. 2^ No. 1: 16. Jan., 1942. 

A study was made of 124 patients to determine the value of testosterone 
propionate in the prevention of pain of breast engorgement in the puer- 
perium. The results showed that testosterone propionate was of little or 
no value for this purpose and of some disadvantage since it caused delay 
and discontinuance of lactation. Testosterone and diethylstilbestrol were 
useful in preventing or discontinuing lactation. R.P.R. 

781. Use of Ethinyl Estradiol to Prevent Lactation in Puerperal 

Patients. Lawrence Kurzrok, Charles H. Birnberq, and Sey¬ 
mour Livingston, Jewish Hospital and Greenpoint Hospital, 
Brooklyn, N. Y. Jour. Clin. Endocrinol., 2, No. 7: 471. July, 
1942. 

Fifty-nine puerperal women were given ethinyl estradiol orally for 3 
to 4 days. When amounts up to 1.5 ing. were given daily the results were 
only fair, with 9 failures in a series of 26 cases. Excellent results were 
obtained in 12 cases when 1.5 to 2.4 mg. of ethinyl estradiol w'ere given daily. 
There was one failure. The administration of 1.8 to 2.4 mg. daily for 3 to 
4 days, 4 to 21 days post-partum, inhibited lactation even though the women 
had begun to nurse their babies. R.P.R. 

782. Comparative Clinical Effects of Orally Administered Alpha-Es¬ 

tradiol and Diethylstilbestrol on Post-partum Engorgement of 
the Breast. A. W. Diddle, S. F. Nagyfy, and R. L. Sells, State 
Univ. of Iowa. Jour. Clin. Endocrinol., 2y No. 5: 307. May, 1942. 

Sixty-one post-partum women were given alpha-estradiol in propylene 
glycol sublingually to test its effect on breast engorgement as compared with 
that produced by diethylstilbestrol. Comparable dosages of both drugs 
given over the same period produced similar results provided the alpha- 
estradiol was given in divided doses at regular intervals throughout the 
day and night. Initiation of lactation was usually delayed but not inhibited 
entirely. R.P.R. 

783. Selection of Nipples by Suckling Rats and Its Effect upon Mam¬ 

mary System. Charles K. Weichbrt, TTniv. Cincinnati. Endoc¬ 
rinol., No. 3; 349. Sept,, 1942, 

Observations on 67 lactating rats showed that when small litters were 
being suckled not all teats were used by the young. In only one of over 
160 animals suckling 7 or more young was there neglect of any teats. 
There was a correlation between litter size and the specific teats which were 
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utilized. Selection of teats took place in an anterior-posterior sequence, 
litters of one confining themselves to the anterior pectoral region. The 
mammary parenchyma of neglected teats retrogressed -while that associated 
with suckled teats was fully functional. Prolactin injections failed to 
maintain complete acti-vity in neglected mammary parenchyma. The im¬ 
portance of careful observation of teats prior to removal of mammary tissue 
was emphasized. B.P.B. 

784. Influence of Thyroxine upon Mammary Lobule-Alveolar Growth. 

John P. Misner and C. W. Tubneb, Univ. Mo. Endocrinol., 31 , 
No. 3 : 345. Sept., 1942. 

An optimal dose of thyroxine significantly increased the percentage of 
ovariectomized mice which responded with mammary lobule-alveolar growth 
to minimal doses of progesterone plus estrone. The thyroxine administra¬ 
tion increased the efficiency of progesterone plus estrone in stimulating 
mammary lobule-alveolar growth by about 25%. Thyroidectomy inhibited 
the ability of ovariectomized mice to respond to progesterone plus estrone 
with mammary lobule-alveolar growth. B.P.B. 

785. Studies Concerning Mechanism Controlling Initiation of Lactation 

at Parturition. IV. Influence of Suckling on Lactogen Content 
of Pituitary of Postpartum Rabbits. Joseph Meites and C. W. 
Tttrneb, Univ. Mo. Endocrinol., 31 , No. 3 : 340. Sept., 1942. 

The effect of the nursing stimulus after parturition on pituitary lactogen 
content was determined in 72 New Zealand White rabbits either by permit¬ 
ting the litters to remain with their mothers or by removing them at birth. 
On the second day after parturition the pituitary lactogen content of nursed 
and non-nursed does was approximately the same. There was an abrupt 
increase in pituitary lactogen content to a peak level on the fifth day post¬ 
partum in both groups, however, the pituitaries of the nursed group con¬ 
tained 66% more laetogmi than did the pituitaries from the non-nursed 
group. In both groups pituitary lactogen content had decreased at 10 days 
post-partum and this was followed by a further decrease at 20 days post¬ 
partum. Mammary secretion appeared to be fully established 5 days after 
parturition although considerably more milk was present in the glands of 
the nursed rabbits than was present in the glands of the non-nursed rabbits. 

B.P.R. 

786. Lactogmie Hormone Content of Anterior Pituitary Gfland of 

Albino Mouse as Compand to Othnr Species. Hdbst 

AND C. W. Tobnee, Univ. Mo. EndoerinoL, 81 , No. 8:384. Sept, 
1842. 

The laotogm content of the pituitary of ihe virgin female was rdLa,tiv41y 
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low. By the 10th day of pregnancy there was an 88% increase in pituitary 
lactogen content on the basis of 100 gxn. of body weight. This was followed 
by an additional increase of 63% following parturition. 

On the 5th day post-partum pituitary lactogen content was 201% above 
the virgin female level after which it declined rapidly. At 21 days post¬ 
partum the lactogen level was 38% above that of the virgin female. Neither 
ovariectomy nor thyroxin injectioxis altered the pituitary lactogen content. 

R.P.R. 

787. Influence of Antagonism Phenomenon on Mammary Gland De¬ 
velopment. Farrz Bischofp and Loui^ P. Inobahah, Santa 
Barbara Cottage Hospital Res. Inst. Endocrinol., 31, No. 3: 326. 
Sept., 1942. 

Injection of sheep pituitary gonadotropin once daily for 10 days into 
mature virgin female mice under conditions designed to produce rapid, 
moderately delayed, or delayed absorption produced a degree of ovarian 
hypertrophy proportionate to the delay in absorption. Rapid absorption 
of the hormone caused no significant alveolar development but delayed 
absorption produced marked alveolar development of the mammary gland. 

R.P.R. 


MISCELLANEOUS 

788, Food Plants Prepare for Air Raids. Thomas Robert Edwards, Jr. 

Foot! Indus., 14, No. 3. 1942. 

Practical precautions taken by food plants for protection against air 
raids were studied. A coffee plant, doing no work at night, had no black¬ 
out facilities, but lire drills were practiced. A bakery was found best 
prepared. 

The bakery had sliding panels to keep light in and flying splinters out. 
They have sand available and also have appointed fire •wardens. They 
have an auxiliary' electric plant and a supply of oil in case the gas goes off. 
The water supply is guarded in a sealed tank. Their employees have been 
well trained and know exactly what to do. 

The dairy used in the survey also has sand available and has an under¬ 
ground tunnel for protection. The shift engineer has charge of throwing 
off the switches and the water supply is well protected. 

Canneries have done little as they usually operate in rural areas. The 
operators interviewed were studying further plans. 

Meat packers have changed their loading hours, blackout teindows are 
installed, and more guards have been added. Their people are also well 
trained on what they are to do. An adequate signal system has been set 
up also. J.C.M. 
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769. Anny Needs 13 New Poods. Major Jesse H. White. Food Indus. 

W, No. 8 : 38-89. 1942. 

This article lists the following as desirable for the army: (1) pork 
sausage patties, (2) liver combinations, (3) beef and noodles, (4) pork 
ha^ has possibilities, (5) corned pork and chopped ham, (6) concentrated 
soups or gravies, (7) meat and spaghetti (not yet approved), (8) Hun¬ 
garian goulash (from Old World recipe), (9) canned mortadella sausage 
meat, (10) beef and rice (so far rice not desirable), (11) cheese and baeon, 
cheese and ham, using both smoked and unsmoked cheese, (12) gelatin 
coatings for hams and cheese, (13) new packing uses: cellophane, pliofilm, 
Cry-O-Vac. coverings for meat and cheese to prevent loss of moisture. 

J.C.M. 

790. Improved Firing Cuts Fuel Bill 38%. Francis A. Westbrook. 

Food Indus., 14, No. 3 : 43. 1942. 

Taystee Bread Co., Indianapolis, Ind., saves around $1600 a year since 
they installed a stoker. With this arrangement one boiler does the work 
that two had done previously. The pneumatic spreader stoker feeds two 
boilers at the same time and can be switched in a few minutes. Each boiler 
has a below-grate fan, pinhole grates and a feed tube into the firebox. A 
valve shuts off the intake of hot gas. Automatic controls are used for steam, 
air, etc. 

The boiler room can be kept clean, as there is no manual handling of the 
coal. Coal too large is crushed automatically. The coal is burned more 
completely and ash is easier to remove. A check made in winter showed no 
“fiy ash” on the snow around the building. J.C.M. 

791. Protect Your PUmls from Bombs and Sabotage. Anonymous. 

Food Indus., 14, No. 2 : 37-40. 1942. 

This article gives details for destruction prevention after bombings and 
sabotage. Three documents on blackouts, civilian defense and protection 
of industrial plants available at a low cost from the Supt. of Documents at 
Washington are recommended. These can be purchased for tweniy-five 
cents each. 

A total of 26 steps are listed in keeping plants free from bomb and sabo¬ 
tage damage. 

Functions, fire protection, medical and maintenance services are dis¬ 
cussed in detail 

This article is too detailed forsabstracting in full. Its value lies in a 
complete understanding of the entire article and a knowledge of the material 
in the documents listed as being available to all plant operators. J.O.M. 
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792. Preventing Spoilage by Mold and Bacteria. £. F. Globe. Food 

Indus., 14, No. 2 : 46-48. 1942. 

The characteristics of molds are discussed. The four commonly used 
inhibitors in the bread industry are discussed as a possibility of finding 
applications in other industries. 

The chemistry of inhibitors is important as their use in various ways is 
limited by their reaction. All inhibitors accepted do not effect flavor or 
color; two items of primary importance, J.C.M. 

793. Relation of Equipment to Operating Economics. Q. D. Amerdino, 

Mojonnier Bros., Chicago, Ill. Canad. Dairy and Ice Cream Jour., 

51, No. 8: 25. 1942. 

A recent survey of 30 receiving stations showed the total operational 
costs divided up as follows; "Waste 1%, fuel 5%, supplies 5%, maintenance 
7%, administration 10%, power 11%, fixed expenses 24%, labor 37%. The 
following suggestions are made on how to prolong the life of equipment: 
(1) Do not try to save on lubricating oil, (2) Keep the equipment clean, 
(3) Do not crowd the equipment, (4) Do not abuse the equipment. Other 
points discussed are care of conveyors, care of sanitary fittings, care of 
rubber hose, checking of the brine system, care of the separator, disposal 
of acids, being economical with labor because of the shortage, conservation 
of electricity, full use of water, saving of fuel, care of electric motors, and 
care of coolers and cabinets. O.F.G. 
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rind, 

use in processed cheese, A146 
ripening, A46, A248 
salting, A122 
sheeps milk, A247 
smoked, A146 
solvent, A142 
spreads, A190 
standards, A146, A248 
starters, A161, A247 
vacuum-canned, A213 
volatile acids of, A93 
washed curd method, A45 
Wisconsin, A281 

Chemical cleaners, A74, A263, A289 
Chemical analysis, 
instrumental methods, A18 
Children, 

nutritional requirements, A252 
Chocolate, 

ice cream coatings, A171 
milk, A293 

tannins and theobromine in, A13 
Choline, 

determination of, All7 
Churned buttermilk, A261, A322 
Churns, 

new facts about, A15, A16Q 
Churning losses, A 303 
Citric acid, 

determination of, A123 
Cleaners, 
acid, A186 

Cobalt deficiency, A219 
Cocoanut milk, 
as milk adulterant, A68 
Cocoanut oil, 
nutritive value of, A141 
substitutes for, A220 
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CoUfom bacteria; A144 
Oonaumer education^ A55; A2S7 
College graduate, 
place in industry, A77 
Communicable diseases, A249 
Complement fixation reaction, A144 
Cork, substitutes, A2d5 
Corrosion control, A152, A3 54, A186, A187 
Costs, 

delivery, A225 
farm, A218 

ice cream production, A24, A25 
operating, A225, A228 
power, A102 
production, A183 
standard, A225 
Cream, 

acidity test, A62 
bacteriology of, A158 
flash pasteurization for buttermaking, 
A15 

freezing, storage, A201, A313 
frozen, oiling off, A314 
handling, A129 

mold content, effect of handling on, A3, 
A211, A212 
neutralization, A212 
oiling off, A314 

pasteurization for churning, A3 61 
salt treated test of, A1 
sanitary quality, A264 
Cultured buttermilk, A31, A70 
Cultured skimmilk, A70 « 

Curd number test, A81 
Curd strength, 
evaporated milk, A81 
Cystine, 

as a supplement to alfalfa hay, A82 
Cytophagic reaction, AS 

Daibt cattle, 
acetonemia in, A213 
breeding, A278, A279 
breeds, A247 
diseases of, A165 

factors affecting profits from, A218, 
A278 ^ 

internal parasites of, A284 
pasture crops for, A217 
physiology of, a review, AlOO 
right and left horn pregnancies in, A209 
selection, ASS 


Dairy farm management, A218, A263 
Dairy plant painting, A283 
Dairy products, 
board, activities of, A306 
food value of, A142, A365, A166, A167 
judging, A42, A142 
manufactured, A124 
Dairying, 

Canadian, A177, A328, A824 
development in provinces, A160 
Delivery, 

every other day, A129, A3 84, A293 
ice cream, A26, A3 71 
milk, A75, A132, A266, A295, A323 
six day, A32 
special, A 66 
Detergents, A3 85, A208 
Detergency, 
basic factors of, A41 
Diabetic ice cream, A306 
Diacetyl, 

in butter, A60, A209 
Diethylstilbestrol, 
effect in initiating lactation, A137 
effect on mammary gland, A233 
Dipping chocolate, A220 
Disease, 

acetonemia, A233 

Bangs (Brucellosis), A53, A54, A99, 
A124, A148, A236 
blind quarters, A115 
bloat, A 284 
calf scours, A126 
cobalt deficiency, A219 
communicable affecting man, A249 
daily cattle, A165 
gastroenteritis, A282, A283 
ketosis, A215 

mastitis, A52, A99, A163, A164, A193, 
A192, A193, A236, A250, A851, A309 
milk borne, A53, A164 
septic sore throat, A52 
trichomoniasis, A216 
trypanosomiases, A282 
tuberculosis, A283 
undttlant fever, A53, A28a, A283 
vitamin A defiriency, A249 
Dispensing, 

frosen dairy products, A16S 
l>xy milk, A20 
keeping quality, A96 
preveatiiig off flavors Ja, A147, A309 
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use in baking industry^ A96 
Titamin C content, A57 

Dye*, 

eltoct of feeding on milk fat color, A54 

Em 1!!BG£NC7, national, 
the dairy industry in, A149 
Engineering, 
dairy, All7 
Ensiled hay crops, 
factors effecting palatabllity, A82 
Equipment, 
care of, A234, A235 
cleaning, A6C, A 238 
conservation, Air)2, A2d8 
lubrication, A138 

relation to operating expense, A329 
Estrus in cows, 
relation to ovulation, A 296 
Evaporated milk, 
curd strength of, A81 
effect of fo^c\^ arming on stability, A47 
food value of, A141 

FAMUiY cow, A288 
Fat, 

autoxidatiou, color test for, A248 
determination of in dairy products, A146 
effect of feeding dyes on color, A219 
food value of, A127, A141 
Minnesota reagent for testing, A227 
testing of ice CTeam, A221 
Fatty acids, 

determination of in milk, A141 
Federal cheese standards, A146 
Feeds, 

advantages of grinding, A13 
grass silage, A194, A2ol 
legume silage, A148 
metabolisable ouergy in, A285 
silages versus hays, A126, A286 
wheat, Al>5 

white clover pasture, A125 
Fiberglas, A236 
Fittings, 

angle sanitary, A188 
Flavohaeteriim matorie, A 211 
Flavored milk drinks, A29 
Flavor, 
butter, A144 

defects, evaluation of, A142 


development in salted butter, A279 
ieo cream, A27 
testing of, A 25 
metallic, A130 
milk, 

effect of inhaled substances on, A43 
factors influencing, A30, A43 
tasting, A109 

oxidized, A33, A70, A182, A200 
vanilla*, A257 
Floors, 

new material for, A299 
'^Foamglas,'' A297 
Food, 

canning of, A78, A151 

dehydration, A28, A39 

fortifled with vitamins, A195 

frozen, A6, AlO, A28, A298 

Industry of Britain, A79 

lease lend, A41 

needs of army, A328 

new developments, A78 

poisoning from, A69 

research, A145 

technology, A157 

value of ice cream, A27 

value of milk, A142, A165, A166, A167, 

A28G 

Formaldehyde, 
microanalysis of, A51 
Formulas, 
ice cream, A28 
Fortifleation of milk, A128 
Freon, 

conservation of, A153 
Frozen foods, 

bacteriology and sanitation of, A6 
freezing rate of, AlO 
lockers, A153 
research, A298 
Frozen milk, 

homogenized, analysis of, A63 

Gas, 

bottled, for power, A78 
evolution from ripening cheese, A248 
Gastroenteritis, A282, A283 
Germicidal action of sugars, A142 
Glucose, 

intravenous injection, A214 
Glyceryl monostearato in ice cream, A198 
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Goat, 

management, A255 
miUc, 

eifeet of pasteurization on, A109 
udder, 

blind halves in, A115 
development of, A324 
Government regulation, A237 
Grass silage, 

methods of preserving, A165 
Grasses, 

carotene content of, A126 
cellulose and lignin content, A127 
Grinding, 

sorghum grain advantages of, A13 
Growth, 

factors for lactic acid bacteria, A244 
physiology of, A205 

Health leadership, A76 
Heat exchangers, 
tubular, A 64 

Heat production, correction of for weight 
changes in cattle, A297 
High temperature, short-time pasteuriza¬ 
tion, AlO, A63, A64, A150, A173, A178, 
A224 

Homogenization, 

ice cream mix, A24, A59, A197, ASK 
milk, A29, A30, A179, A181, A227, A317, 
A322 

Homogenized milk, , 

bottle seepage, A135 
fat emulsion in, A133 
fat testing of, A129 
foaming, A135 
for infant feeding, A290 
merchandising value of, A64 
production of, A262 
properties of, A134 
Hormones, 

relation to mammary development, A35, 
A37, A38, A73, AllO, A111, AllS, 
A230, A231 

relation to xnilk secretion, A34, A37, 
A39, A73, A74, Alll, A112, All% 
A204 

relation to reproduction, ASS, Alll, 
A112, A230 
Hydrochloric add 
gas poisoning, A1 


Hydrogen ion concentration, 
eifeet on bacteria, A14 
Hydroxy glutamic acid, 
in milk proteins, A191 

Ice cream, 

acid standardization, A255 
army as a market for, A23, A25 
body, A171 

chemical properties, A255 
chocolate coating for, A171, A 220 
coliform bacteria in, A81 
deUvery, A26, A121 
dextrose in, A255 
diabetic, A105 
dispensing, A168 

equipment, cleaning of, A257, A312 
fancy, A168 
fancy form fotos, A104 
fat testing of, A 221 
food value of, A27, A61 
glyceryl monostearate in, A198 
homogenization of mix, A24, A50, A197, 
A314 

lecithin in, A198 

merchandising, A172 

poach flavor, A57 

physical properties of, A255 

pies, A58, A59, ABO 

production costs, A24, A25, A 58 

research in 1941, A108 

retail prices, A] 70 

sales, A24, A222, A256 

sales index, A 23 

sandiness, A168 

sanitation, A222, A256 

slirinkage, A197 

stebiUzers, AlUl, A104, A196 

substitutes in, A62 

sugars in, A198, A199, A222, A255; 

A256, A259, A288, A311, A312 
superheated condensed in, AlO2 
sweetness, A128, A199, A258, A259^ 
A288 

tarts, A102 
variegated, A102 
wartime, A169 
Ice machines, A77 
Ice milk, A129 
Inbreeding, 

effect on, size, growth and type, A279 
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Incubator, 

bacteriological, A119 
Indiana, 

milk marketing in, A202, A203 
Infant, 

enriched cereals for, A149 
Inspection, reciprocal, A228, A229 
Insulation, A235, A236, A297, A298 
International Association of Tee Cream 
Manufacturers, activities of the year, 
1941, A22, A61 
Iodine, 
in milk, A59 
in nutrition, A58 
Irish moss, 

nutritive value of, A21 
Iron, 

availability, from cocoa, A48 
Italian cheese varieties, A92 

Judging, 

dairy products, A 42, A142 
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ET08IH, A233, A215 


JLfACTOBAClLLVS acidophilus, A287 
Labor, 

distiibutioii, A235 
Laboratory, milk control, 
equipment, A26 
value of, A 31 

Laboratory infectious due to Brucella, A7 
Lactate solutions, A20 
Lactation, 
inhibition of, A296 

physiology of, (see physiology of milk 
secretion) 

Lactic acid, 

bacteria, A86, A87, A88 
determination of, A39 
fermentation, ASS 


Lactobacilli, 

fermentative reactions of, A118 
Laetohacillvts acidophilus, 
tests for differentiation, A86 
jLaefohacillus hulgarieus, 
tests for differentiation, A86 
Legislatiou, 

milk control, A107, A264 
ligbt, 

effect on milk secretion, A72 
ultraviolet in the cheese factory, All5 


Lignin, 

seasonal changes in grasses, A127 
Lipase action, 

effect of storage temperatures on, A44 
inactivation by heat, A43 
influence of rate of cooling, A44 
of lactic acid organisms, A245 
Locker, 

frozen food, A153 
Imbrication, 138 

Magnesium, 

studies in calves, AlOO 
Manganese, 
in cows milk, A21 
Marketing, A292, A294 
Markets, 

fluid milk, A200, A223 
lend lease, A108 
Mastitis, 
causes, A192 

control, A99, A364, A191, A193, A216, 
A250, A251, A309 
detection, A8, A52, A99, A164 
effect on plate count of milk, A163, A 3 93 
flies as transmitters, A310 
tyrothricin treatment, A250 
Metabolism, 

calcium and phosphorus, A127 
stalls, A45 

Metabolizable energy in feeds, A28o 

Metallic flavors, A3 30 

Methods, 

bromide determination, A123 
butter quality estimation, A141 
citric acid, A123 
lactose, A95 

measuring fat hydrolysis, A142 
moisture in cheddnr cheese, A190 
Pennsylvania fat determination, A146 
phoB{>horu8, A123 
physical properties of cheese, A1 
riboflavin, A95 
salt in butter, A159 
titratable acidity, A201 
vitamin Bi, A147 
Motbyl bromide, 
in food fumigation, A123 
Methylene blue test of milk, A245, A264, 
A316 
Milk, 

acidophilus, A287 
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adulteration^ A68 
asflies, composition of^ A67 
bacterial examination of^ A245, A2S0 
bloody, detecting of, A226 
earabo, freesing point of, A67 
cartons, A244 
composition, A251 
eomsumption, A293 
deficiency in, A287 
in industrial plants, A66, A183 
control, A182, A184> A310 
control acts, A107 

cooling, A33, A151, A228, A230, A260, 
A291, A319 

cost of producing, A183 
creaming of, AlO 
curdling qualities, A81 
deaeration of, A182, A224 
delivery, 

cost, A260, A295 
every other day, A129, A3 84 
six day, A32 
distribution, A131, A293 
dry, A20, A57, A96, A147, A281 
evaporated, A47, A 65 
fat testing of, A62 

davors, A30, A33, A43, A48, A109, A130, 
A173, A263 

food value of, A142, A165, A166, A167, 
A286 

for breakfast cereals, A31 
fortification of, A128 
freesing point, A315 * 

fresh, A65 
goats, A109 

homogenised, A29, A32, A64, A129, 
AiaS, Aia4, A185, A179, A181, A227, 
A262, A290, A317, A322 
in nutrition, A65 
inspection, A183 
reciprocal, A228, A229 
iodised, A56 
laboratory control, A81 
maintaining vitamin values of, A20 
manganese content, A21 
marketing, A292, A294 
markets, A200, A202, A223 * 

monkeys, composition of, A18 
nutritive value, A65, Add, A67, A58, 
A128 

oxidised flavor in, ASS, A200, A263 
pasteurisation, AlO, A21, AOS, A67, A08, 
A170, At77, A178, A284, A268* M21 


pasteurised, A69 

physical structure of, A30, A170 
ph^hatiwe test, AlO 
production, economy of, A278 
prices flexible, A226 
price fixing, A294 
proteins, A191 
production, A223 
purchasing plans, A291 
quality improvement, A29, A320 
rancidity, A 261, A321 
raw, Also 

resazurin test, A151, A181, A202, A245, 
A291 

sales, A23, A70, A75, A151, A265 
sampling at creameries, A69, A320 
sources of hemolytic organisms in, A158 
supplies in war time, A150 
thermoduric bacteria in, A861 
thiamine content, A22 
transportation, A292 
use in the home, A128 
vitamin content, AlOl, A142 
yield of individual quarters, A297 
Milk bottles, A105, A106 
paper, A105, A130, A174, A175 
Milk production, 
cost of, A183 

effect of thyroprotcin on, A48 
Milking machines, 
life of rubber parts, A254 
sanitising, A173, A288 
Mold, 

in butter, A90 
in cream, A211, A212 
inhibitors, A212 
preventing spoilage by, A329 

N EUTBAUZATIOK of ereun, A218 
New Orleans, 
fluid milk market, A200 
New Zealand, 

mastitis in 4<dry herds of, A8 
Nicotine, 

effect on lactation, A296 
Nicotinic add, 
determination of, A19 
Nutrition, A56, A60, AST, ASS, AXIS, 
AXBO, AliS, A149, AlOfi, A166, A252 

Oat flour, 

aniioxygenic effect, A189 
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Oils, 

food value of, A3 27 
Oleic acid, reaction with oxygen, A281 
Operating costs, 
reducing, A228, A237 
Organization, 

large scale in tho dairy industry, A139 
Orthophosphoric acid as cheese solvent, 
A142 

Oxidized flavor, 

and ascorbic acid oxidation, A 202 
antioxidants for control of, A 9 
prevention of, A70, A182 
Oxidizing agents, 
bacteriostatic effect of, A60 
Oxygen, 

volumetric method, A307 

PAINT, A233 
Paper, 

milk bottles, A3 05, A130, A174, A175 
packag<s for food, A206 
Parasites of cuttle, A284 
Pasteurization, 

baeteriologicul control of, A 69, A176, 
A177 

bottle, A363 
cheese milk, A92 

coliforui organisms survival, A68 
cream for buttermaking, A15, A161 
effect on food value, A21, A167 
high-temperaturc, short-time, AlO, A63, 
A64, Also, A173, A178, A321 
laboratory, A262 
milk, A364 
Pasteurizer, 

small electric holder type, A175 
Pastures, 
cereal, A84 
crops for, A217 
permanent, A218 
white clover, A125 
Phojsphatase test, 
for pasteurization control, AlO 
Phospholipids, 
in dairy products, A117 
Phofliihonis, 

blood serum studies in humans, A8 
determination of, A123 
inorganic in blood, A116 
metabolism, A127 


Physiology, 

of growth, A34, A35, A205, A278 
of milk secretion, A34, A35, A36, A37, 
A38, A39, A72, A73, A310, Alll, 
A312, A113, A136, A337, A185, A204, 
A230, A 231, A266, A 267, A268, A269, 
A270, A271, A272, A273, A295, A296, 
A324, A 325, A326, A327 
of reproduction, A33, A34, A36, A37, 
A39, AJll, A112, A119, A120, A136, 
A137, A209, A230, A270, A271, A274, 
A 296 

of rumen digestion, All5, A185 
review of, A100 
Pies, 

ice cream, ASS, A59, A60 
Pituitary gland, 

effect of vitamin A deficiency on, A249 
Plastics, A249 
Pneumonia in calves, A214 
Potassium lactate, 
properties of, A 20 
Powdered milk, 

whole, use of antioxidants in, A44, A281 
Producers meetings, A224 
Propionate salts, 
as mold inhibitors, A 212 
F»€udomona8, 
blue green, A159 

putrefactefis, A93, A121, A160, A230 
Pseudopregnancy, 
copper induced, A137 
Public relations, 
need of in dairy industry, A187 

Quality, 

butter, A120, A12], A141, A18» 
eheeee, A190 
milk, A223, A290 

Rancidity, 

chemical studies of, A94 
effect on Mojonnier fat test, A62 
Bations, 

balanced for calves, A100 
Beduction potential, 
of formaldehyde, A51 
Befrigeration, 
bibliography on, All 
book review, A2 
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bvineSf ▲152 
el^etrie on fonnii A253 
engineering, A40, A79, A113, A154, 
A155, A286 
insulation, A285, A2d6 
requirements, A76 
systems, A259 
trunk, A274 
waste, A258 
Kennin, 

purifieation of, A43 
Beproduction, 

physiology of, A33, A34, A36, A37, A 39, 
Alll, A112, A119, A120, A136, A137, 
A209, A280, A270, A271, A274 
Besasurin test, A151, A181, A202, A246, 
A246, A2d4, A291 
Beseareh, 
ioe cream, A103 
Betail stores, 
ice cream, A26 
Beviews, book 

A Symposium on Respiratory Ensymes, 
A242 

Annual Reviews of Biochemistry, Vol. 
XI, A243 

Chemistry and Physiology of the Vita¬ 
mins, A241 

Dairy Engineering, All 7 
Industrial Chemistry of Colloidal and 
Amorphous Materials, A301 
Industrial Instrummits for Measurement 
and Control, ASS f 

Industrial Waste Treatment Practice, 
A207 

Minerals in Nutrition, A189 
Nutrition and Chemical Growth in Child* 
hood, Vol. I: Evaluation, A277 
Outlines of Pood Technology, A157 
Pumps, Types, Selection, Installation, 
Operation, and Maintenance, AdOl 
The Physiology of Domestic Animals, 
5th Ed,, A208 
War Gases, A242 
Bibodavin, 

content of common foods, A196 
content of defatted milk, A251 ^ 

fluorometric determination, A95 
Bind, 

cheese, use of, A146 
Btuaen, absorption from, A185 
phy^logy, A116 . 


Russia, 

food researdi in, A145 

SaIjES, ' 

ice cream, A222 

nulk, A23, A70, A75, A151, A265 
Salmonrila, 

nutritive requirements, A144 
related ooliform bacilli, A144 
Salt, 

distribution in butter, A159 
Sampling, 

effect on acidity test, A62 
producers ’ milk, A69 
Sanitary fittings, 
new angle type, A188 
Sanitary procedure, 
report of committee on, A186 
Sanitation, A41, A256 
Scale control in brine systems, A154 
Semen, 

physiology of, A89, A90 
storage of, A279 

Septic sore throat, epidemic of, A52 
Shark liver oil, 

effect of feeding on vitamin A of milk, 
A142, A165 
Sherbets, A222 
Shrinkage in ice cream, A197 
Silage, 
com, A126 

feeding value, compared to hay, A197 
grass, A194, A251 
hay crops, A 82, A251 
legume, A126, A148 
preservation, A165 
Smoked cheese, A3 46 
Soda fountains, A221 
Sodium hypochlorite, A254 
Sodium lactate, 
properties of, A 20 
Soft curd milk, A265, A290 
Bolids-not’fat, 

nomographic chart for, A67 
paying for, A291 
Sonic vibration, A30, A290 
Sorghum, 

grain, advantages of grinding, A13 
Sour cream, 

pr^aration and die, A109 
Spennatosoa, 

effect of dilators and storage on, A279 
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metaboUsm of, A119, A120 
reBpirAtion rate, A89, A90 
Spreads, 
cheese, A190 

Stabilisers, Ad3, AlOl, A104, A196 
StaUs, 

for metabolism studies, A45 
StaphfflocoecuH mreua, A180 
Starters, 

bacteriophnge problems, A248 
commercial cheese, A247 
for Cheddar cheese mahiug, A161 
Sterols, 

effect on Ca and P metabolism, A127 
Stokers, A139 
Storage, 

butter, A120 
cream, A201 
Streptococcus, 

agalaciUH, A99, A163, A192, A193 
l>eta hemolytic, A3 
/ceabi, A3 
group B, A49, A85 
hemolytic, 
carriers, A49 

distiibution in Infections, A5 
gionth factor needed, A4 
isolation from Mounds, A5 
peroxide production, A3 
Sugars, 

conserving in chocolate ice cream, A312 
germicidal action of, A143 
in cheese manufacture, A280 
in icc cream, A198, A199, A255, A258, 
A259 

Sulfa benamide, A284, A28o 
Sulfanilamide, 

action on hemolytic streptococci, A3, A4, 
A148 

dissociative aspects of bacteriostatic 
action, A4 
Bulfapyridine, 

use in calf pneumonia, A214 
Surfat-e taint, A121. A160, A201 
Sweeteners, 

ico cream, A128, A199, A255, A258, 
A259, A288 
Swiss cheese, 
use of rind from, A146 

XaLLOWY flavor, 
prevention in butter, AU5 


Tannins, 

signifieanee of in chocolate milk, A13 
Tarts, 

ice cream, A102 
Taxation, A67 
Test, 

resazurin, A151 
Testing, 

milk for cheese making, A162 
salt treated cream, A1 
Textile casein, A124, A147, A163 
Theobromine, 
in chocolate milk, A13 
Thcrmoduric organisms, 
control, A108, A177 
source, A158 

Thermophilic organisms, A302 
Tliiamine, 

content of milk, A22, A213 
Thyrotropic hormone, A 34 
Thyroidectomy, effect on lactation, A136 
Trade barriers, A60 
Transport economics, A206 
Trends in dairy farming, A233 
Trucks, 

deet problems, A79 
mamtenanee, A238 
refrigerated, A274 
Trypanosomiasis, A 282 
Tuberculosis, A283 
Typhoid bacillus, 
nutritive requirements, A144 
Typhoid fever, 
milk bourne, A164 
Tyrothnein, 

treatment of mastitis, A250 

Ultraviolet light, 

use of in cheese factory and storage, 

Alls 

Undulant fever, A53, A282, A283 
Unsalted butter, 

diacetyl and acet.^lmethylcnrbinol in, 
A209 

ITterine inertia, 
treatment of, A214 

Vacuum canned cheese, A213 
Vanilla, 
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